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The 112th meeting of the INsTiTurE was held this date at 12
‘West 31st Street, and was called to order by President Duncan,
at 8.30 p. M.
Secretary Pope read the following names of associate mem-
bers elected at the meeting of the Executive Committee in the
afternoon.

Name, Address. *Endorsed by.
BaTES, PUTNAM A. Student, Columbia University; resi- F. B. Crocker.
dence, 113 West 72d St,, N. Y. Geo. F. Sever.
City. W. H. Freedman.

HerMESSEN, JoBN Louls. Chief of Data Dept., Union Elek- John B. Blood.
tricitats Gesellschaft, Kleist Strasse Harold Hakonson.
Berlin, Germany. F. C. Bates.

HomunEeL, Lubpwia. Supt. of Construction, Standard Henry W.Fisher.
nderground Cable Co., Westing- Geo. S, Bliss.
house Building, Pittsburg, Pa. Wm. D. Gharky.

KeNaN, Wy, R. Je.  Chemist and Electrical Engineer, E. F. Price.
' Australian Carbide Co., Sydney, W. K. Dunlap.

N.S. W Paul M. Lincoln.
Mac GREGoR, WiLLARD H. Draughtsman, 859 West 27th St., Louis Duncan,
New York City. FrankJ.Sprague.

C. T. Hutchinson.

Ricg, CALviN WiNsoR. Consulting Electrical Engineer, C.T, Hutchinson,
8 Eaton St., Winchester, Mass. E. W. Rice, Jr.
Louis Bell.

Rich, Fraxcis ARTHUR, Consulting Mining and Electrical Jos. N. LeConte.
Engineer, Auckland, New Zealand. Clarence L. Cory
Jas. A, Lighthipe -
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Stakes, D. FRaNELIN, Electrical Expert, The Fort Wayne F.S. Hunting.
Electric Corporation; residence, Thos. Duncan.

240 West Washington St., Fort E. A. Barnes.

Wayne, Ind.
TownNseND, SAMUEL G. F. Electrical Engineer in Testing Geo. F. Sever.
Department, with Ward Leonard H.Ward Leonard

Electric Co., Hoboken, N.J.; resi- A.W.Berresford
dence, 181 Fifth Ave., N. Y. City.

Total 9.

TaE PresiDENT :—The discussion this evening will be on Elec-
trically Driven Vehicles. The subject will be opened by Mr.

Riker.



A Tepical Discussion at the riath Meeting or the
American Institute of Electrical Engineers,
New York, January aoth, 15%7. President

" Duncawm in the Chair.

\

ELECTRICALLY DRIVEN VEHIOCLES.
(A Topical Discussion.)

Mer. ANnprew L. Riker :(—In opening a discussion on electri-
cally driven vehicles, at this time, Y feel as if the electric carriage
had arrived at a period of transition, that is, it is passing from
the experimental into the practical stage. I think that it is

nerally admitted that the electric carriage is the ideal vehicle,
ﬁgvin all the advantages of simplicity, ease of control, freedom
from heat, vibration, or odor, but there is one element in the
electric vehicle that we must not lose sight of, which has caused
all experimenters in this line their greatest trials—that is—the
storage battery.

Thie vital part of the system has been defective, and upon the
remedy of this defect depends the success of the electric vehicle.
This defect is not that the storage battery is not a practical ap-
paratus, but that it has not been adapted to the particular
requircments in this case.

he weight of a motor vehicle must be kept within certain
limits. To that end the battery portion has had to be lightened
and under the same conditions it has had to withstand heavy dis-
charges from 100 per cent. to 1,000 per cent. above the normal
rate. To meet these requirements some special form of cell must
be devised.

I have corresponded with most of the prominent battery com-
panies both in this country and abroad, and find the best output
obtainable for complete cell including hard rubber jar, acid and
element, sealed in, is about five and one-half watt hours per pound.
This value limits the run from four to five hours on each charge,
at a 10-mile pace.

If there is present any representative of the storage battery
interests, I shonld be glad to hear whether they have anything
new for this service. had hoped to be able to give the results
of a complete set of tests on a new vehicle upon which I am now
engaged, but the carriage is not finished.

y experience with my first two carriages, both of which were

8
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supplied with a double motor equipment, has shown that a single
motor is preferable. The single motor equipment is much more
sightly, and the motor and gears can be placed under the middle
of the body and out of sight. ‘Lhe bicycle construction, wire
spokes, pneumatic tires and tubular gear I believe are necessary
to a successful vehicle. Equally necessary if the vehicle is to
give satisfaction, is simplicity of control.

At the present time the electric carringe is not eminently
suited for long runs, or out-of-town service, but for this we
anxiously await what the future may bring forth.

Tae Presment :—This question of motor vehicles is one of
the most important, next to the development of railroad traction,
which is before electrical engineers. The success of it depends
upon what we can do with storage batteries. Mr. Riker’s results
of five to six watt hours per pound seems to me better than the
ordinary battery will do under the conditions imposed on them.
As I have said, tests made by cyclometers show that few vehicles
made as much as 30 miles a day, and it is only very rarely that
they go as high as 35 miles a day.

The results given in the ordinary battery catalogues show that
no battery is now on the market that will drive a motor carriage
more than 20 to 25 miles with a reasonable weight of battery.
The results as given by Mr. Riker will enable the vehicle to
travel something over 30 miles, and I am glad that such results
are being obtained. I know myself that there are several bat-
teries that give results better than those on the markei, but they
have not been developed to that point where they can be com-
mercially exploited. ﬁe seems to me that the question is whether
some of these batteries can be developed so aney will give with
comparatively small depreciation a capacity to drive a vehicle 30
to 35 miles. If they can do this they will be a success; if they
cannot they will be a failure. If any one in the audience can
give us some data on this point I will be very glad to hear it.

May I ask Mr. Riker what batteries he was referring to %

Mr. Riker:—1 was referring to the 3-m. chloride battery. I
believe they guarantee a thousand discharges on that cell ata
three and a half hour rate.

Mke. F. ReckenzavN :—I am hardly prepared to discuss elec-
tric vehicles by way of adding new and valuable information on
the subject, but I may confirm Mr. Riker’s statement to the
effect that the best storage batteries available would only give
about five and a half watt hours per pound, gross weight. A
battery may be constructed to give six, seven or eight watt hours
per pound, but it would hardly be concidered satisfactory for the
purpose in point of durability. In general, I think that vehicles

ropelled by means of stora.cir:a batteries could be made a success
or short trips—for city work, such as advertising carriages and
the like. But for long-distance travel I do not think the time

has arrived when it would be worth while to even go into experi-
]
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menting. The results which have been obtained on the other
side with gasoline motors and motors of similar kind are so far
ahead of what could possibly be accomplished by means of
storage batteries as to practically settle the question in my mind
that long-distance propulsion is not a promising field for the
storage battery we are now capable of producing.

Mz. Apaws:—I merely came here thie evening to hear the
general discussion on the subject, without making any prepara-
tion with a view of giving you any detailed information. The
Electric Carriage and Wagon Co. are equipping a station in
New York for the purpose of running a dozen or more electric
carriages for public and private service in order to demonstrate

uickly the commercial side of the question.- As this is probably
the first station of the kind that ever was equipped, a number of
new problems are constantly arising, and it wﬁl be some months
before we can speak with any degree of accuracy as to what the
probable results will be. The service at first will be more or less
gelective, a8 we do not propose to try to do impossibilities or .
impracticabilities. As to what has occurred in the past year I
can speak with more confidence. We have constructed a carriage
that has travelled 35 miles on one charge through the streets of
Philadelphia, no particular route being selected, and the ordinary
conditions of city travel, such as grades, railway crossings, and
the various kinds of pavements being met with. We have made
with this carriage during the past year about 1,000 miles, and
have covered this distance with Eut a single accident, which only
caused a delay of about five minutes. The carriage has had to
travel over all sorts of streets and roads in Philadelphia, New
York, P’rovidence and Chicago. This carriage is in the form of
a surrey, and is not adapted for public use. Those that we are
now constructing (the first of which is already in New York) are
built on the principle of a four-wheeled hansom ; that is to say,
the front part of the vehicle is exactly the same as the ordina
hansom with which you are familiar, and there is a box exten?:
ing from the rear on which the driver’s seat is mounted, and
which box is carried on the rear wheels and intended to carry
the battery. We expect to make with these hansoms and coupes
from 15 to 20 miles on one charge, which we consider more than
sufficient to meet all the requirements of city service. They are
not intended to take long trips out into the country, and we will
not attempt to use them for this purpose. Almost any point in
New Yorll() or vicinity can be reached within a radius of 74 miles
from Thirty-ninth Street and Broadway, and on returning from
a 15-mile trip it is only necessary to change the batteries, which
is an operation requiring but a few minutes, when the vehicle
will be ready for another 15 miles. This vehicle weighs about
2,500 Ibs. The cells which we use are 44 in number and have a
capacity of about 70 ampere-hours at a two and oue-quarter hour
rate of discharge. That is to say, they will give 30 amperes for
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two hours and one-quarter, and a correspondingly increased
amount for lower rates. As it requires about 25 amperes to run
on levels at a speed of abont nine miles an hour, it will readil
be seen that we will have a capacity of at least 20 miles on levels
and 15 miles over any conditions that we will probably meet
in New York. The battery, including the rubber jars, acid, and
retaining boxes, weighs about 1,000 Ibs.

TaE PrEsIDENT :—1 have talked with people who have spent
a great deal of time and money on the question of motor vehicles,
and who have tried oil, compressed air and gasoline for motive
power. Their idea is that it is almost impossible to make a motor
carriage that can be turned over to any driver—one who knows
nothing about mechanics—and obtain successful reenlts. The
heat, tge smell and other disadvantages were such that the com-
E:ny referred to, gave up experiments with everything but storage

tteries. The most extensive ficlds for motor vehicles is in large
cities, where the batteries can be charged at night and where
long trips are not required. The experience with storage bat-
teries has been that if they are never fully discharged. but always
have a partial charge, the depreciation is not high and their
efficiency is satisfactory. If, however, they are discharged com-
pletely, the depreciation is very hiﬁil and efficiency is low. Now
the question, to my mind, is whether we have reached such a
condition of affairs that any battery made will allow a motor car-
riage to be run say 30 to 35 miles and still retain some charge in
the battery. I would be glad to hear from any one who has had
practical experience with storage batteries as to their present
status.,

Me. H. B. Cono:—Some years ago I had considerable experi-
ence with storage battery cars and found that with our tracks in
good condition we could run fifty miles on one charge, but when
our tracks were dirty we ran but ten miles on the same charge.
I think that if I were intending to use a storage battery carriage
I should want to use a meter, which after a certain number of
watt hours had been expended, would ring the bell and give
warning that it was time to return. I have yet to see the hattery,
which on one charge I would feel certain of making more than
thirty or forty miles with.

Tae PresipenT:—It depends largely on what you have in your
storage battery carriage.

MRr. Corson:—I would like to say that in a motor carriage
which I have had the privilege of examining—an electric carriage
—I have seen the meter which Mr. Coho describes as necessary,
which tells the man to go home.

Tue PresipenT :—If 1t is only the driver, I think it is all right.
But there may be other people, who wish to go on.

Mg. Josepn Sacms:—I think a discussion probably of the
various features that enter into the construction of a motor car-
riage in general might be of interest. Mr. Riker, for instance,
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has built a vehicle possescing a number of very peculiar features,
and the discussion of these features and others might be interest-
ing. There is a great deal more than the mere furnishing of
power in the successful motor vehicle; and while probably the
power may be over 50 per cont., still the other factors are very
important.

R. RikER :—In reply to Mr. Sachs I would say that there is,
of course, a great deal more in the electric carriage than just
simf)ly the storage battery. But my object was to see if we
could not get somebody in the storage battery line to make an
in{progement there. %Ve think that the rest of the carriage is
all right.

M}%. Sacnas :—If you look at it from the electrical side.

Mk. Riker:—Of course the horseless vehicle must be built
differently from the vehicles we have been accustomed to, drawn
by horses. In the first place is is a vehicle that carries its own
propelling power and relies on traction to take it over the
ground, and there is no necessity, so far as I can see, of building
a high vehicle. Our new designs, in fact, call for a low vehicle.
We also advocate the use ofggmall wheels, using in our new
machine 36-inch rear wheels and 32-inch front wheels. I had
hoped to be able by this time to give the data on our new
carria%e; but as I said before, it is not finished yet, through de-
lays of construction and other causes. But our object has been
to produce a small, light electric vehicle that has a range of
about forty miles on a single charge of the battery. A vehicle
constructed for this work, with a capacity of two passengers and
an average speed of ten miles an hour over ordinary roads will
weigh, complete, about 1400 pounds. Of course, the principal
weight here is the battery. e advocate the use of pneumatic
tires and large ones, and the simplest form of running gear—
single motor equipment—and we are trying on our new machine
a device that is practically on the order of a back gear on a lathe,
so that when we strike snow or very heavy grades, instead of
taking too heavy a discharge on our battery, we can run our
motor at its highest economy and reduce the speed of our vehicle
to such a point that we will get the best results. This is all op-
erated automatically, so that there is a simple lever to make all
the changes. We also believe that the electric carriage, as Mr.
Coho said, has to be operated nearly automatically and to take
care of itself. We have tried to make this one so; so that in
case a man happens to get a little tired and runs the carriage up
against a stone wall or something, forgetting to turn off the cur-
rent, that the batteries will not stand and discharge and the first
thing we know we have a wreck. We have provided a device
that takes care of that. Also, in case he gets rattled and forgets
to cut off the current and put on the brake, which is sometimes
done at close quarters, it will cut the current off and bring the
carriage to a sfop. I know of an electric vehicle now that is
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being made in which they are trying to overcome that difficnlty
of running out of a charge, and in fact I believe they have it ar-
ranged so that an instrument on the dashboard indicates when it
is time to go home. It shows the amount of current left and
the amount of current consumed. The same dervice, I believe,
when in charging, puts the required amount, over and above
what has been taken out of t%e batteries, back; so that the
machine can be looked after by anybody, and the question of

utting 25% more in than has been drawn out is not necessary.

t is attended to automatically. The steering igear in a motor
carriage is another point that 1s sometimes overlooked. There
have been a great number of very peculiar devices proposed. I
think the general tendency is to adopt the style of hinging the
wheels at the hub, or pivoting the wheels at the hub, so that the
two wheels turn on their own independent steering head or fifth
wheel, avoiding any of the great leverage exerted by a fifth
wheel device, in which when one wheel strikes a rock or obstruc-
tion it tends to throw the carriage from its course. Our new de-
vice is such that we can, in fact, go over an obstruction of three
or four inches with one wheel, nothing under the other, without
* a tendency to throw the wheels whatever.

I do not know what other points there are to bring up. But
I think there are some gentlemen here who could give us some
interesting data, if not on the electric, on the gasoline vehicle.

Mke. Cono:—I should like to ask Mr. Riker whether he has
ever made any tests showing what the difference of current was
on macadamized and asphalt roads; that is, on ordinary days—
not when there is mud. )

Mz. Riker:—We have made some few tests in regard to that
matter, and we find that on an ordinary Belgian pavement the
power consumed'is about the same as on the asphalt, and they
are slightly less than good macadamized roads. Whether the
friction of the large surface of the pneumatic tire on a macadam-
ized road offers more resistance or not I do not know ; but it
seems to be so—that the Belgian block and asphalt offer about
the same amount of resistance to the vehicle.

TrE Presipent :—May I ask the advantage of a bicycle wheel
instead of an ordinary w'{neel ?

Mz. Riker :—Do you mean instead of & wooden wheel ?

TrE PRESIDENT :—Yes.

Mgz. Riker:—Well, the use that the wooden wheel has been
put to has simply been to carry loads, and from the mere fact
that every wooden wheel is run with radial spokes, the tendency
is, when driving from your hub up, or your axle up, to twist the
spokes off. We were using a m.gial wire wheel and with some
tangential spokes to it, but we had an accident one niﬁht and we
twisted the wheel all to pieces. The tangential spokes did not
hold. And I think that in a motor vehicle it is absolutely
imperative that wire wheels should be used, for a number of
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reasons. We are building not merely a carriage but a machine
now, and wood, as a general rule, is not very largely used in
machine construction. We can get a lighter wheel and a very
much more stable wheel with the wire construction, and there is
no doubt but that the driving wheel should have tangential
spokes instead of radial spokes.

Mgr. Saces:—Some time ago I had occasion to look into the
feneral art of motor vehicles, and I collected a lot of data re-
ating to the subject. There are numerous essential features to
be considered in the construction of a self-propelled road vehicle,
aside from the motor. A great many of tggse considerations
certainly do not refer particularly to the electric vehicle. In
broadly considering the motor carriage, if I may consider it in
that light under the present discussion, I find that the following
features should be taken up: first, certainly, the design of the
body, the motor, the gearing—unless the motor is directly con-
nected, and I understand there is some work being done in the
direction of direct-connected electric motors, the armature being
directly connected to the wheel spokes. The controlling mechan-
ism, in which direction electrical devices surpass all others. The
disposition of the machinery in the vehicle plays a very import-
ant part. The general operation, care and attendance, is certainly
most ideal in the electric vehicle. The cost of operation, facility
of renewing the power-generating material, and the wear and
depreciation of the power element. The disturbing and inter-
fering qualities—these, as compared to other vehicles, are in the
electric vehicle practically n¢/. The comfort and freedom from
objectionable features to the occnpants in the electrical vehicle
are also ideal.

The appearance of the vehicle: Mr. Riker’s design, consid-
ered as a self-propelled vehicle, is certainly very handsome.
Speed, grade-climbing ability, weight, and in fact all other ele-
ments which enter into a traction vehicle. Safety should come
into consideration primarily. And here again the electric ve-
hicle is certainly the most ideal.

As Mr. Riker has said, we cannot follow the horse-drawn
vehicle in the construction of & motor wagon, for the simple
reason that our problem is a radically different one. We have a
traction vehicle and not a vehicle that is pulled or pushed; a
vehicle that must furnish its own propelling energy from self-
contained power. '

Having chosen the general design of the vehicle body and the

rticalar form of motor, the construction of the frame is
mportant ; and I find that both in Europe and this country the
most advanced workers in this direction have adopted a tubular
steel frame construction, somewbat of the bicycle tube type. I
also find that there is a tendency, more or less, to devise a sep-
arate truck; a truck carrying the motor, and probably in_some
cases the entire power mechanism, and so equip this truck that
it can be fitted with almost any design of ve niere body.
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The point Mr. Riker made in regard to a low vehicle is cer-
tainly a correct one, because a vehicle that is self-propelling and
is required to turn sharp corners, at high speed at times, cannot
be top-heavy. It would very soon turn the other end to the

round if there were any high center of gravity. Regarding
the power, speed and capacity, I think there has been entirely
too much attention paid to the question of high speeds. I find
that the public interest has been aroused onmr the possibility
of traveling from one point to another at lightning speed. The
electric or any other motor vehicle is not solely intended as a
racing machine. I believe there are a great many other uses to be
considered, and while I think that probably a very high speed
vehicle will be of great value for certain purposes, and while
high speed ought to be possible with certain classes of vehicles,
the majority of the traveling will be done at probably 10 or 15
miles an hour. I do not consider a large power capacity in the
motors, or too much of an ability to climb steep grades at maxi-
mum speed or high speed advisable. In fact, the device Mr.
Riker has mentioned, similar to the back gear on a lathe, clearly
shows that it is essential, even with an electric motor, with its
very flexible power capacity above its normal rating—that even
with such a motor it is better to apply some low-gear apparatus.

I find that there seem to be many mistaken ideas regarding
where to place the most weight. Some inventors seem to have

laced the entire weight of the machinery on the steering wheels
instead of where it ought to be, and where it probably could be
best applied—over the driving wheels.

The question of wheel construction, as Mr. Riker mentions, is
& very important one, and the point he brought out is probably
the principal one to be considered. The wheel of a motor -
vehicle does not only support weight and resist side thrusts, but
has got to be used as a propelling agent. There is a force ap-
p]ie:i at.or near the hub which must be exerted through the
spokee to propel the vehicle, with a tendency to twist the spokes.

he majority of inventors and builders have tried to apply the

wer as near to the rim of the wheel as possible. In fact, I

ound a device some days ago in which the motor was geared
directly to a driving gear on the rim of the wheel, using a very
high speed motor. 1 find that wheels have been built to rotate
on a fixed axle; that is, the axle being rigidly aitached to the
vehicle body ; and ‘then I found some in which the entire axle
and wheels rotate. Both of these constructions necessitate pecu-
liar designs in the gearing, particularly when a single motor is
used.

Regarding wheel tires, I find that pneumatic tires have been
almost entirely used, although many of the European vehicles
still adhere, particularly the vehicle, to steel tires, and in
some cases wooden wheels. ﬁgﬁe eculiar advantage which is
claimed for the pneumatic tire is its ability to give that slight




1897.] A TOPICAIL DISCUSSION. NEW YORK. 1

flexibility when passing over or striking obstructions directly, or-
on either side of the point of contact. It is just that slight flex-
ibility which to a great extent prevents the steering wheels from
being thrown out of their direction or from the stop})age of the
vehicle in a great many cases. With a hard wheel the entire
vehicle must be lifted over the obstruction, which means just
such an expenditure of energy as is necessary to lift that weight
over that particular height. Certainly a great deal of this is
given back again when the vehicle drops on the other side, and
a vehicle of this kind is continually striking such obstructions to
run over. Now with a tire having some flexibility, such as the
pneumatic tire, that s]igtlllt flexibility in the material of the tire
only necessitates the vehicle being lifted over a correspondingly
smaller height. Side thrust pressure, on the bearing, is also ma-
terially decreased thereby.

The steering appliances, as Mr. Riker has stated, huve been
greatly diversified, and in some cases very little attention seems
to have been paid to this particular item, as the fifth wheel
method seems to have been retained in some vehicles ; principally,
however, the earlier types. The main point in the steering de-
vice seems to be to make the leverage between the iivotal points
of the steering wheels and the point of contact on the wheel tire
as short as possible, so that the energy, whether it be manual or
otherwise, necessary to counteract that applied at the wheel rim
when striking an obstruction, which is continuously necessary in
running along a rough road or in steering, is as small as possible.
The fifth wheel construction, or the pivoting of the single axle
at a point midway between the wheels gives the maximum practi-
cal distance between the pivot and the point of contact. The
tendency seems to be to use the construction adopted by Mr.
Riker; mounting the steering wheels on short axles, each pivoted
separately to an axle-tree, close to the wheel hub. In some cases
the pivotal point of these short pivoted axles is on a line with
the contact point on the wheel tire, so that there is practically no
leverage at all to turn the wheel. ~When steering, this arrange-
ment gives the vehiclea rather peculiar appearance, but this device
is certainly most ideal. Front steering wheels are most generally
used. There are some advantages claimed for the rear steering

“plan adopted in some vehicles, but I am not particularly familiar
with them. In either case, whether front or rear, the tendency
is to throw the weight of the vehicle onto the rear wheel.

Many elements must be considered in connecting the motor to
the driving wheels. Many of these apply to the gas and steam
motors only. Electric motors are certainly ideal. Nothing
better can be hoped for, particularly with a single reduction or:
posgibly direct connection between motor and wheels. In other
motors a great many different devices have been used. Some of
them may be enumerated as follows: Differently speeded gears
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upon the main shaft, each individual gear being operated by a
separate clutch and a cam lever or similar device for operating
these clutches. By shifting the lever you throw in one or tﬁz other
of the different gears and thereby obtain different speeds, or re-
verse the motion with the motor running in one direction. Instead
of having a number of small clutches, one on each separate gear,
one large clutch has been placed on the main shaft, and when it
is necessary to change the speed, this clutch is thrown out and
the gear shaft or sleeve shifted into another connection with the
transmitting gears on the next shaft, and then the clutch thrown
into connection again. This cumbersome arrangement is used in
the principal European motor vehicles, chiefly in those employing
the Y)aim]er motor, which are being built by Messrs. Peugeot
Freres, and Panhard and Levassor. Then there are different ar-
rangements of separately speeded belts with either clutches or
belt-shifting devices, cone pulleys and belt-shifting devices, loose
belts and an idler, consisting simply of the transmission pulley
and the power pulley over which a single belt runs, this belt being
tightened or loosened by means of the idler, another belt being
used for reversing. There are various arrangements of friction
rollers and disks, and also a number of hydraulic and pneumatic
gears. Some of the hydraulic gears use a pump of some kind
operated by a motor, and the pump operates hydraulic motors
geared to the wheel. :

The brake of a motor vehicle certainly is an important factor.
The tendency in this direction appears to be to apply the brake
upon some separate brake pulley, upon either the motor shaft or
upon some transmission shaft between the wheels and the motor.
Braking upon the tires, particularly with pneumatic tires, very
rapidly wears the tires and is not to be advised. = With the elec-
tric vehicle, dynamic braking may be considered, and various
electric devices can be devised for braking purposes.

I wish to mention, in view of the fact aat we all congider the
electric vehicle the most ideal, that there are various vehicles—
steam vehicles included—that seem to have attained particular
success. I may say that so great an anthority as Sir David Salo-
mons has lately taken up anﬁ developed a peculiar type of steam
vehicle. This vehicle is known as the Serpollet steam carriage,
and is most peculiar in its operation, being provided with a boiler
of the instantaneous type. The tubes of this boiler consist of
very heavy flattened steel tubes which are then jacketed over by
an 1ron casing, and the flat opening of these tubes is probably
an inch or two long and probably onesixteenth of an inch
high. The water use§ for generating steam—the boiler normally
carrying no water whatever unless it is in operation—is forced
into the boiler. This water is forced into the tubes by the hand
rump at first, and steam is instantaneously generated, super-

ieated, and then passes directly into the engine cylinders. After
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the engine is in motion a small pump forces water into the boiler
tubes. Asthe energy of the motor depends upon the amount of
steam generated and consequently upon the amount of water
forced into the boiler, the amount of water is regulated by means
of a regulating valve, the pump-stroke remaining tixed, and the
valve has a by-pass so that the water that is not forced into the
boiler passes back again into the regervoir.

Regarding gas motor vehicles, it is unnecessary for me to
bring up the various objections that have bheen urged against
such vehicles. I may say that acetylene is being tried by vari-
ous inventors, and I believe there have been some results ob-
tained.

The bad features of gas vehicles may be enumerated as fol-
lows: They are not self-starting. They cannot start with any
load. They give only full load and no excess of flexibility, and
I think that this is one of the prime defects of gas motor ve-
hicles—the fact that when going at the maximum rated capacity,
if a sudden demand is made upon them for an excess of power
above that which the motor is capable of, the vehicle stops short
unless its momentum is great enough to force it over that ob-
struction. Certainly, in tﬁe majority of cases, probably it will
run right over any obstruction that ordinarily will be met with.
But there may be cases where bad roads will be struck, and sim-
ilar instances, where, unless the speed gearing is changed imme-
diately before striking such a place, the motor will stop short
and it will be. very difficult to start it up. I have noted this
action particularly in some of these vehicles, and found that this
occurred several times during a recent trip. Certainly the com-
plicated gearing and the power lost therein, and that the motor
must run continuously after once started must be noted. If you
stop for a time, you have got that continuous running of the
motor, pouring forth its fumes and deposits. I think that the
promoters of this type of vehicle claim that they will and have
already partly remedied this defect.

In engines using the heavier oils, the clogging up of the
mechanism by deposits is to be particularly noted, as well as the
odors which come from the engine exhaust. I would say, in re-
gard to the many parts and the delicate mechanism of the g
engine, and the fact that an engine of this type ought to be built
as heavy as possible for the duty it does, that it seems most pe-
culiar that some of the European vehicles were able to go
through the extremely long journeys which in some races in
France amounted to hundreds of miles. They had some acci-
dents, but still. the same motor held out, with the necessary re-
pairs. Some gas motor vehicles have been built which ap-

arently operate with fair success. The Duryea motor vehicles
in this country, and the Panhard and Levassor, Pengeot Freres,
Benz and others in Europe, have attained quite some prom-
inence.
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I would like to ask Mr. Riker about one point in connection
with electric vehicles, and that is this—why he prefers the
single motor construction to the double motor construction.
Certainly both have their advantages, and it may be interesting
to have from him his reasons for using one or the other. I also
wish to note that while the storage battery to-day is probably the
only method adapted to supply electric energy to the electric
motor for this purpose, that probably there may be something
done in some other direction. I do not particularly allude to the
possibility of generating electric current by direct chemical
means or by means of heat or some similar method. We may
consider in one sense the electric motor as an excellent, in fact
as a prime method of tranforming electric energy into actual
mechanical power. If we now devise some better method of
actually generating the energy, some combination might be
made which would eliminate the storage battery entirely. It
may seem like taking away a bad element and substitutin
something worse; but there may be more in the direction o
combining a small dynamo, driven by a gas engine, with an elec-
tric motor, than would at first appear. :

Mr. Riker:—I do not think Mr. Sachs is probably aware,
when he makes the remark about the steam carrnage, that Count
de Dion, who has probably done more experimenting with the
steam vehicle than any other man, in an article the other day
stated that he considered, for country work or very heavy work
outside of city limits, that a steam tractor, as he called it, wonld
be preferable to a vehicle carrying-the motive power within
itself. He also went on to state that he considered, after a num-
ber of years experimenting on both petroleum and steam vehicles,
that he was working on an electric carriage for city work, and
that his hopes for the future lay in the electric carriage.

In regard to prefering the single motor equipment Mr. Sachs
believes there is a word to be said in favor of both these con-
structions. I think the greatest point in favor of the single
motor equipment is its first cost. Of course, in experimenting,
‘we do not care what our carriage costs—the first one. But when
we intend to put a practical commercial machine on the market,
we have got to look at what we can sell these carriages for, and
there is certainly a great difference between building two smaller
motors and one larger one. The efficiency also is in favor of the
single motor, and- the weight is in favor of the single motor.
The regulation can be accomplished with e single motor the
same a8 with a double equipment, grouping the cells and
changing it in that way. The only objection to the single motor
equipment a8 compared with the double one is that in case any-
thing should happen to one of the motors, in the case of the
doulﬁe equipment, you have another one to come home with.
But we found that the motors very rarely gave out; it was a
question of something else—of which we did not have a double
equnipment.
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Mgz. Sacus:—I must say that I did not notice this recent com-
munication of the Count de Dion. But I am quite familiar with
the class of vehicle that he has been promoting or working on.
One vehicle is & very heavy affair; and in another case, a light
tricycle. In both cases ordinary steam generators are used,
carrying water at all times and a large amount of fuel. I hardly
believe success will be attained in this direction for various
reasons  In the first place, you have the generation of steam
constantly going on which necessitates automatic firing.  Auto-
matic water feeding is essential, and blowing off steam when the
engine is stopped would be absolutely objectionable. The danger
of explosions exists to some extent unless all these devices work
perfectly. Feeding and reﬁ'ulating the fuel antomatically is a
very difficult thing to accomplish satisfactorily even with oil fuel.
In fact there are a number of other objections that may be
brought against this class of vehicles. But when I spoke of steam
vehicles 1 meant the type in which instantaneous generation or
similiar boilers are used. I have not any exact data regarding
the Serpollet vehicle, but from the information I can gather,
this particular type of boiler is being developed, in France
particularly, and numerous applications are being made, not only
to motor vehicles but for other purposes.  The results obtained
from this type of steam generator have been excellent. I noticed
some time ago in an article appearing in Electrical Engineering,
written by Mr. Summers, the statement that the results obtained
with the Serpollet steam generator very closely approximate
those that can be obtained with compound condensing engines.

With this type of motive power, you at once obviate a great
many of the objections to steam vehicles, and if the device does
not depreciate too severely, is not too expensive, and is safe, as
it would seem to be under ordinary conditions, I think that there
is more than an ordinary chance of a vehicle of this type comin
in for some success. 1 do not mean to say for a moment that
do not believe that the electrical vehicle in every way, is the
ideal, if we leave the question of long distances out of the prob-
lem entirely. If we simply want to make a trip about town, or
if we want a carriage for pleasure purposes to take a short ride
for an hour or so, I do not think there is anything that can sur-

ass an electric vehicle, allowing that a fairly satisfactory battery
18 adopted. We must however have vehicles to travel greater
distances than the ordinary electric vehicle in its present con-
dition is capable of, and 1 think that steam comes in for more
than an ordinary share of the probability.

THE SECRETARY :—It may l}:e of some interest to know that
the type of boiler referred to by Mr. Sachs was brought to my
attention seven or eight years ago in the form of a model. It
was a very simple affair and the whole arrangement was easily
understood, but I had heard nothing of it since and I supposed
there was some. practical objection to it.
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We have with us this evening as a guest, Mr. Van Hoevenbergh,
who is an inventor of a good many years experience and ﬁas
taken an interest in this subject, not as & maker of electric vehi-
cles, but as a prospective purchaser. I sup that he may be a
competent critic of electric vehicles as they appear to-day. I
think that if he feels at liberty to say anything it would be of in-
terest to the members.

TueE PresipEnt:—Being a customer, Mr. Van Hoevenbergh
will probably be listened to with a great deal of attention.

Mg. Henry VAN HoeveEnBergH :(—Mr. President, I would say
merely that I came to listen to-night, not to say very much. But
I have been looking for an electric vehicle for some time, and 1
have examined particularly into horseless carriages of all kinds.
The objections we have heard to-night to them I think may be
summed up very easily: In that the steam vehicles are noisy ;
that they require an engineer of a good deal of experience to
take care of them, and that they are very complicated—at
least all that have been produced so far have been. The
oline and naphtha vehicles have been pretty thoroughly tried,
somewhat in America and more in France. In one of their
races 50 vehicles were entered, and the race was from Paris to
Marseilles and return, which was 1,005 miles. The wonder of
it was that the greater portion of them made the entire trip suc-
cessfully, but they ran across quite a number of obstacles that
have not been brought to notice to-night. For instance, there
were no less than 1-% doge sacrificed to science during that trip.
One of those dogs was drawn into the machinery and so thor-
oughly ground up that the carriage had to be taken aside and
thoroughly cleaned, and the bones and head and so forth com-
pletely eliminated before it could proceed. Another of the
vehicles was charged by an enraged bull, and the engineer was
tossed over into a field. Still another one was upset while dis-
puting the right of way with a cow. The two retired from the
race immediately. But leaving those out of account, the rest
seemed to be very successful. 5ne of them was tried by & mem-
ber of a New York firm. It made the trip from Albany to New
York and return, which practically wore the vehicle out, to be-

in with. It was said further that it frightened every horse
ﬁmt came within range, besides leaving behind it an odor that
could almost be seen ; so that naphtha vehicles seem to have to
sit down in their turn.

To the electric vehicles, I think, with Mr. Riker and others,
we must look for the successful vehicle of the future. All of
those propelled by naphtha, steam, or any motive power of that
kind, are always going to require very experienced men to
handle them. They should really have an engineer and a driver
besides, which is entirely impracticable for ordinary pleasure
vehicles. But the electric vehicle, perfected as it undoubtedly
will be in one way or another, would require just simply a driver,
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who with one lever, which perhaps he might tarn from side to
side to guide his vehicle, and depress or lower it to regulate the
speed, seems to be the vehicle that is going to be successful.

But there is another little side line that I have been interested
in for some time that perhaps may be interesting to some present ;
that is, for fixed stage lines that go backward and forward every
day over exactly the same routes, and that need never diverge
more than to one side of the street or the other, the trolley might
be adopted with advantage. The great disadvantages so far have
been that in the first place there can be no ground return wire,
of course. Therefore it must be a double conductor, and the
doubleconductor trolleys have been anything but a success so
far. But it is possible to produce a double trolley vehicle which
shall have these advantages; that in the first place it shall re-
quire but a single pair of conductors to propel it; that the
vehicle shall have the whole range of the road, and that it shall
be possible for two vehicles to pass each other on the same set -
of conductors. I know that sounds something like the train
which was proposed by that crazy joker who died in France not
very long ago, who proposed to the society of engineers there,
in all gravity, a train provided with inclined planes, so that when
two trains ran together, instead of knocking each other to pieces,
one would simply run over the other, down the opposite side,
and on. That resemblance, however, is only fanciful. In
the plan that I propose, the carrier is supported entirely upon
one wire; it is clamped to it and runs upon it. It has an arm
reaching over to the other trolley wire and making the other
connection. One of the trolley carriers runs on one wire and
one on the other. When the two come together the flexible
arms just sinply allow the others to pass, and they go on again,
the connection being broken but for a very short time. That
has been very successfully tried in laboratory tests; whether it
will be a success when put on the road is another thing, although
it looks very favorable at the present time. I don’t know that
I have anything else that would be of interest.

Tse PresipEnt:—I think it is rather important to know ex-
actly what the problem is that is presented here. As I say, I have
seen data that showed that the ordinary vehicle in city use and
even in country use does not go more than thirty miles a day.
So if you can get a vehicle that will run thirty miles in 24 hours,
it will fulfil pretty much all that is required. But if anybody
has any data about that, I would be very glad to hear about it.

Mgr. C. E. DuryEa :—It was quite late when I learned of this
meeting. It was all I could do to get here, and I did not expect
to make any remarks. There are some Yoints presented however,
that I would be pleased to take up. In the matter of -construec-
tion, I wish to say a few words about the truck system. Itis, I
think, the cheaper plan to put the motor on the truck, leaving
the body free. 'Il)‘he truck is the handiest place to attach the
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motor. It is also, I think, a matter of common observation that
the new inventor in this line begins by putting the motor on the
truck. But a little exFerience in carriage building, such as could
be had by inquiring of some coach or stage builder, will show the
inadvisibility of putting the motor on the truck because of the
conetant vibration to which the necessary machinery for the motor
vehicle must be exposed, if so near the ground. For an example
of what I mean, a prominent coach builder stated that he had
seen a 3” iron bolt worn completely off by the rattling of the nut
which happened to be loose, and yet the bolt was riveted over so
that the nut could not fall off. It just jiggled around there until
it cut the bolt off entirely. That 18 a specimen of what constant
pounding over the road subjects a truck to. So if we are to build
vehicles which will give satisfaction in use, we ought to put the
machinery in some more satisfactory place—perhaps not so satis-
factory to the user, but necessary in order to have the machine
better cared for.

The question of odor is one that has been brought to our atten-
tion very prominently in the last few years, because we have
been experimenting almost wholly with those odor-making
machines—gasoline vehicles, and we have urged several things
that we thimre quite pertinent. We do not consider a gasoline
motor 8o objectionable, in respect to odor, as the average horse,
and we think that is a sufficient answer. We have a motor that
we believe makes a less objectionable odor than that behind
which the public are riding to-day, and we do not ask the public
to ride behind our motor. In our vehicles they sit in front of the
motor, and if they are behind the motor at other times, it is their
fault and not ours. As a matter of fact we are pushing forward
experiments in the line of eliminating odor, and we think we will
succeed in getting rid of so much of it that it will not be
-objectionable.

The automatic feature that Mr. Riker spoke of is another point.
Two or three times in my life I have needed small power and
have been unfortunate enough to have to watch it myself, and I
secured some of those things that were automatic—automatic
steam engines. They were sufJ?osed not to need attention, and
the great and peculiar feature I found with them was that when
you were not looking at them they went wrong. The minute
you turned your back something went wrong; the automatic

rt failed to work;—it was not automatic; and therefore, I

lieve, the more you can put the entire machine under the con-
trol of an operator the better, making it simple enough so that
an ordinary intellect can comprehend the whole thing. We
drive horses with two reins. We can drive a horse with one
rein. We can drive a horse without any rein. We used to drive
our oxen with nothing but a whip. But we find that two reins
are better. We find it is better for a man to have a little more
control of the animal. And I think the same is true of the



1897.] A TOPICAL DISCUSSION. NEW YORK. 19

motor vehicle—the man ought to have full control of it at all
times, and automatic devices are objectionable.

In the matter of wheels—when we took up the motor vehicle
problem, we did not wish to introduce any more talking points,
or rather objectionable points than we eou{d help. We found
that the ordinary horse vehicle had wooden spokes. They had
been used ever since Adam, so far as we knew, and were fairl

d. We used them simply because we did not want to experi-
ment with steel. I have been connected with the bicycle business
a little bit for probably fifteen years, and we have used in that
steel wheels almost wholly, and we find that the spokes of the
bicycle cause more trouble than any other part, except possibly
the pneumatic tire that came in recently, simply because metal
does not stand constant vibration as well as something that is
more elastic. A wooden wheel will stand more pounding over
the road than a metal wheel. I do not care how tight you make
{our metal spokes, they will rattle loose, unless they are protected

y very heavy tires. So, other things being equal, you will find
that a wooden wheel will stand up better than a metal wheel.
‘We set our spokes in wooden wheels without any spread at the
base of the spoke. In the steel wheels we of necessity spread
the spokes out, which places them in a much more advantageous
position than the wooden spokes, and gives them an unfair ad-
vantage over the wood. If 1you were to put the wooden spoke in
the same position, you would find it all right.

As to tlll): matter of tangential spokes for driving purposes, it
will be found that the strain on the spoke in the direction of
rotation, due to applyinf the power, is less by far than the strain
on the spoke endwise of the axle—sidewise of the wheel, as you
turn a cotrner suddenly, or slip from one side of the street to the
other, and any wooden spoke which will stand the sidewise strain
necessary to carry a motor progerly will also stand the driving
strain applied by the motor. So I think wooden spokes will meet
all requirements, and that unless the public demands them, there
is no occasion to use metal spokes. 1 do not say this because we
have heretofore put out wagons with wooden spoked wheels, for
we have built some metal wheels and they are very good ones.
We have not had any that “tied themselves in knots” yet. We
have had enough experience with bicycle wheels that tied them-
selves in knots to avoid using steel wheels for motor wagons.
But, personally I do not believe in the metal wheel.

The idea of carrying a gas engine, which is a very compact
and convenient form of motor, and with it charging a storage
battery which should be used then to operate the motor, so as to
get the flexibility of speed desirable, has been used to some ex-
tent in street car service. A man by the name of Patton—I be-
lieve he hails from Milwaukee—has taken out several patents in
that line and used that system to some extent, I believe, without
any great degree of success. 1 do not know whether the fault is
with Mr. Patton or with the system. I simply mention the fact.
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The matter of recharging is one of great interest, it seems to
me, to the public. If you are only going for half-an-hour’s ride
and can order up the carriage, it does not matter much what sys-
tem you have, because almost any carriage will run half-an-hour
if it 18 any good at all. But for private use, where a man must
look out. for that himself, it is, 1t seems t0 me, quite a question
whether he has to put in several hundred pounds or perhaps a
_ thousand pounds or so of new load, or whether he only puts in &
few pounds. In the gasoline wagon, if it is only for half-an-
hour or an hour’s ride, there is no occasion to change the water
supply, because the half-hour or hour’s run in the gasoline wagon
will not sufficiently heat up the water to necessitate any change
or any addition. The fuel supply for half-an-hour or an hour is
so small you coul:]esut it into your hat. Therefore there is little
or no work required to put a charge into the wagon and none to
take it out, because the motor takes it out. ith the electrie
vehicle, it is necessary to change the batteries and replenish with
new batteries, or else it is necessar{ to attach some sort of sup-
ply, and wait patiently. With the compressed air system of
storage it is possible to walk up to a stop-cock, and, according to
the popular idea, turn the cock and you are full. But with elec-
tricity it cannot be done quite so quick, which is the unfortunate
¥art, it seems to me, of the electric wagon—the necessity of time

or charging. We have given some thought to the electric
wagon, but the experience of some companies which have spent
several hundred thousand dollars in trying to adapt electric
storage batteries to street car service has discouraged us,and our
own experience with electricity has not been favorable to bat-
teries at any rate.

The question of steam as compared with gasoline or with elec-
tricity has seemed to us to be in favor of the gasoline rather
than the steam. While it is true that steam is a very flexible
means of operating, it takes probably twice the amount of fuel
to generate the steam, even with the Serpollet or other instan-
taneous generator, than it does to get the same power with the
gasoline engine, and that being true, the item of expense alone
would favor the gasoline, although the expense is not worth
much consideration in the motor vehicle. Not only must you
have more fuel, but you must have more water, unless you have
some form of condenser, and none of which I know are of any
account for wagon service. In boat service we can get a com-
denser because we have water. In wagon service we have no
water, especially on a hot day in summer. For that reason gas-
oline is favored.

Light weight seems to be the greatest desideratum of a motor
vehicle. The reason why motor vehicles have failed for the last
century is almost wholly becaunse their weight has been so great
compared with their power; that they have not been practical ;
and that which offers the greatest power with the least weight
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would seem to-day to be the most reliable device, regardless of
what it is. Going on that line we have stuck to the gasoline
vehicles, because we believe they are by far lighter than either
steam or electricity for a given power.

M=z. Riger:—Taking up the subject of Mr. Duryea’s first
remark in regard to puttinf the motor in the body of the car-
riage and not in the truck, I do not think that his jndgment is
quite sound there. I know that in electric railroads, wﬁen they
were first proposed, the motor was placed in every conceivable
spot. First it was put on the front platform of the ecar,
and then it was put in the middle of the car, dropped
down and slid up, and finally ended by being placed right
straight on the axle, and that is the accepted design to-day, and
I do not think that the electric motor buii)ders or railway people
would go back to putting the motor up inside the car or suspend-
ing it on the running gear. They would prefer to go right
straight down onto the axle. 1 know of plans proposed and used
by some concerns in which they use a spring suspension to do
away with jar and vibration, but that is not to save the motor as
much as it 18 to save the rail joints. The pneumatic tire does
away with a great deal of vibration, and it would seem to me
that it was not the fault of the material or the fault of the
mounting so much as it was that the workmanship was not as
good as it should have been, to have vibrated that belt off in the
manner he stated. I have known such things to happen, but I
think it is more the exception than the rule.

With regard to the odor which Mr. Duryea spoke abhout, I
thought that was the thing we were trying to get rid of when
we got rid of the horse—that was one of tﬁe o%?ectione to the
horse. We want to get rid of that odor entirely. That was one
of the features that the horseless carriage offered—that there
were no unpleasant odors connected with it.

As regards an automatic device or an automatic machine, I
think Mg:Duryea has lost sight of one of the prettiest automatic

ieces of machinery that I know of to-day, and that is the naphtha
{;unch. There is an engine which when once started will run
and take care of itself with absolutely no attention whatsoever.
All the man has to do is simply to light the fire, turn on his
valve and the engine will run until he wants to stop it. There
is no need of looﬁng at any pressure gange or anything else. It
is entirely automatic. Now whether such a device can be applied
to a motor vehicle without involving a great many difficulties, I
do not know. The fact of not having water for condensing pur-
poses—there would have to be some other system used; but it
seems to me that a system of air could be used similar to the
condensers that are being proposed now and are used for electrie
lighting stations. The question to my mind is simply in regard
to the electric vehicle being a success, as I mentioned to-night in
opening this discussion, that the battery was responsible for all
the trouble of the electric vehicle, and I think the battery people
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ought to take the subject np seriously and not treat it as a sort of
joke.  The storage battery of to-duy is not constructed for trac-
tion work. It is all very nice when you stand it down in the
cellar and light your house or run a large central station, or pnt
it on shipboard, but for traction purposes the type of cell has got
to be m(fically changed.

One of the points Mr. Duryea made was the length of time
required to change or charge tﬂ'e storage battery carriage. The
time required to change batteries in an electric carriage is about
a minute. The batteries slide in on racks, making connections
by the simple closing of a switch, and I cannot see any very
great objection to that. But I am very greatly interested in some
tests now ; in fact I made a test to-day on something that looked
very promising in the storage battery line. We charged the cell
up in three and a half hours at a very high rate, and we dis-
charged that same cell in about two hours and three-quarters
with an efficiency of about 65 per cent. This cell, it seems to me,
can be so arranged that it wilreiast indefinitely. It is simply &
question of the conductor in the positive plate wearing out; and
a new one can be substituted. In fact we know that the active
material in a storage battery lasts forever. It is just simply that
the material becomes loosened from the support plate and falls
down into the cell, and I believe abroad they propose picking
that material up and putting it back again, and g can see no
reason why this cannot be done in a battery for electric vehicles.

Another point that has to be brought up in all these things is
what we are going to get for the carriages after we build them.
In going over these different subjects we find, so far as we can
determine now, that the electric vehicle is the cheapest vehicle
to construct, and as the President remarked to-night, 30 to 35
miles is a good range for any vehicle. In fact I believe the large
department stores in New Y ork City figure on 25 miles as a day’s
trip for their delivery wagons. That is the greatest number of

"miles that they run, and it would seem that such a system as they
. use might furnish the best data that we could gather on the

: subject of what the length of a run would necessarily be. In all
probability no private person is going to use a carriage that he
wants to run over 20 or 25 miles a day. The question of running
further is simply a question of putting on some more batteries or
making the carriage into a sort of railway train. I think the
generally accepted practice is when anybody wants to go in this
country over 25 or 30 miles they get on board a train, and they
take an express train at that. 1en they go out for a drive they
do not go that number of miles.

I think that the electric carriage to-day seems to have a brighter
future than any of the others for its use, and that is for a light
pleasure vehicle. Probably for heavy omnibuses and large deliv-
ery wagons something of the description of steam or some vapor
or probably petrolenm engines will be used; but I think for a
pleasure vehicle the electric carriage is the coming machine.
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Mg. Drryea :—This is a progressive age. One vehicle in par-
ticular that we can point to gas gained its popularity by its speed
more than anything else. That is the bicycle. People go out
riding on bicycles for pleasure, and ride as far as 100 or even
more miles in a day. So that a man who expects to get pleasure
by driving only at the rate of 25 miles a day is certainly very
ow in his requirements. We find that men pay high prices for
fast horses. hy? Simply because they can drive a good dis-
tance in a little less time than the other fellow, or because they
can drive further than other men. The same with motor ve-
hicles. If we are going to build vehicles that people will be
willing to pay for, they must be capable not only of high speed
but o% continued high speed. A vehicle that would not cover
25 miles in at least half a day I would not consider worth put-
ting out as a motor vehicle, because I would not deem it greatly
in advance of the horse. I myself have driven 50 or 60 miles
even with a single horse, to a light buggy, in a day, without
damaging the horse, and when a man has driven that distance
over a rough country, he is usually anxious to finish the last part
of the journey pretty quick. We have frequently finished 50
miles in an afternoon and had some time to spare, in motor
vehicles on New England roads. The exhilaration of coasting
down one of those hills at 20 or 25 miles an hour is second only
to coasting it on a bicycle or ¢coasting it in winter on a sled. And
that is where the price for motor vehicles is to come in—the fact
that we can have a great deal higher speed than with the horse.
The reason why civﬁization is displacing the horse is becaunse the
horse is too slow. The reason why the horse displaced the ox, a
few generations back, was because the ox was too slow. So if
we are to build motor vehicles to take the place of the horse,
they must be faster than the horse; and the fact that a vehicle
wilf'tmve] 25 miles on a business trip is no proof that the motor
must not do more. If it does more, the people will take it and
pay more for it. That is the way the speed problem looks to me.
In the matter of charging, we work a horse for half a day. If
a vehicle will not stand half a day’s work without charging
again, then it is not properly equipped for capacity. The time
of charging must not be confounded with the time of changing
batteries. gIt is one thing to take them finally back to the start-
ing point and be able to slip in another set of batteries. It is
an entirely different thing to be half a day away from home and
wish to be back, and the only thing available 8 Western Union
telegraph wire or perhaps some private battery stored around
somewhere. :
Those considerations have presented themselves to us when-
ever we have turned our attention towards electric wagons, and
therefore we have preferred to use a vehicle which we could load
up with ordinary stove gasoline, which could be had at most
grocery or stove stores, or on a pinch run home on kerosene.
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Our vehicles will go on kerosene if it is necessary to do so. We
think that is quite an advantage in favor of the gasoline vehicle.

1 have never used the naphtha launch itself ; but [ have used
several varieties of launches having automatic steam engines,
which, so far a8 I know, are just as reliable and just as automatic
as an engine using some other liquid as a source of heat.

Secrerary Pope (in the Chair):—The question of delivering
and transporting merchandise in our cities, 18 one of great import-
- ance, because we all know, or should know, that it is the most
expensive part of the freight traffic to-day. When the Singer
Sewing Machine Company moved their factory from New York
City to Elizabeth, where they had means of direct shipment from
the factory. loading machines directly on the cars, it was found
that they conld place them in Chicago, in bulk in the cars, for
what it cost to put them on the wharf in New York ready for
shipment, becanse they dispensed with boxing and the cost of
cartage to the train, and we all know thut the cost of cartage is
of greater importance than the cost of freight, much as we growl
about the latter. We are also approaching the question of indi-
vidual passenger transportation. We find that what ie wanted
to-day in our cities, in order to give the best facilities for trans-
portation, is to provide exclusive privileges for bicycles on certain
streets, and storage for them where the people work or where
they lodge. Then each individual may be independent, a large
part of the year, of all other kinds of transportation; and conse-
quently, his own ability to go, as Mr. Duryea has said, a hundred
miles a day, would be certainly one of the satisfactions of ownin
a machine of that capacity, even if a person did not wish to use 1t
to that extent. It is the ability to do a thing of that kind if it
becomes necessary, that is satisfactory ; not that you wish to go &
hundred miles every day, but that you have a machine with
which you can go a hundred, or a hundred and fifty miles if nec-
essary. Therefore the machine ought to have that margin in
order to meet the demands of the present day.

In regard to getting supplies of kerosene at every point—that
is what we hope for in respect to electricity one of these days—
that its use will become so universal that wherever we may be,
we may have electrical facilities, or current for charging storage
batteries. One of the drawbacks to the use of electric heatin
and electric motors for a great many purposes, is the lack o
opportunity for obtaining current in a great many cases. We
can see to-day, from the example that is being set at Niagara, and
which now obtains at one or two points in the west, notably at
Great Falls, Montana, how universarthe application of electricity
becomes when we have the facilities for obtaining it at every
point in the city. This will be the case—how soon, of course, i8
visionary. But we all realize in metropolitan life how much -
depends upon the convenience of all these improvements that are
being brought to our attention.

[Adjourned.]
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A paper presented at the 113th Meeting of the Ameri-
can Instituteof Electyical Engineers,New York,
February ryth, President Duncan in the Chair,
and Chicago, February 24tA, 1897,

CONDUCTIVITY OF INCANDESCENT CARBON
FILAMENTS, AND OF THE SPACE
SURROUNDING THEM.

BY JOHN W. HOWELL.

The first part of this paper, which relates to the conductivity
of carbon filaments, is in the nature of a discussion of a paper
read before the INnstiTuTE by Prof. Anthony, at the May meet-
ing in 1887.

Prof. Anthony spoke of a change from negative to poeitive of
the temperature coefficient of some carbon filaments which he

Fia. 1.

had observed. He illustrated the change by a figure, which I
will reproduce here for reference. (Fig. 1.)

Prof. Anthony stated that this change did not occur in all fila-
ments, and that he was unable to explain the circumstances
under which it did occur.

Prof. Elihu Thomson, in his discussion of Prof. Anthony’s

"
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paper, said that he had observed the same phenomenon, but had
not investigated it sufficiently to explain its cause.

About four years ago an inventor offered to the General Elec-
tric Company a method of coating carbon filaments with metal,
claiming thereby a very great improvement in the performance
of the filaments. The metallic coating was applied by heating
the filament to high incandescence in the presence of the vapor,
which was obtained from a very thick dark colored liquid, the
application being made by the same means as is employed in the
ordinary hydrocarbon flashing process. The proof which he gave
that his filaments had a metallic coating was the fact that the
resistance of these filaments was lower at about red heat than it
was at higher temperatures.

In order to test his assertions, I treated a number of filaments
with his dark liquid, and, for a comparison, treated in exactly the
same manner a number of similar filamente, using ordinary gas-
oline. To the surprise of both of wus, the gasoline filaments
showed the same rise in resistance, after passing the dull red tem-
perature, as was shown by the filaments supposed to have a metal
coating. This fact led me to investigate this phenomenon.

I had previously made resistance curves of a great many
Edison lamps, which had filaments made without hydrocarbon
flashing, and I knew that the filaments of all these lamps con-
tinued to fall in resistance to the highest temperature which they
would stand. As we had very recently adopted the hydrocarbon
treatment upon our filaments, I associated the change in the
resistance -curve with treated filaments. The filaments which I
have previously described as having the reverse curve, were quite
heavily treated. I now made a set of ten lamps with various
amounts of treatment, all made from similar base filaments.
These lamps had filaments the resistances of which, when cold,
were 90, 80, 70, 60, 50, 40, 30, 20 and 10 per cent. of the cold
resistance of the original base.

I found upon plotting the curves of these filaments, that the
untreated filament fell in resistance as it was made hotter, and
that this fall continned to the highest temperature at which I
dared run it. .

The slightly treated filament fell in resistance more rapidly
than the untreated filament at first, and less rapidly as the high
temperatures were reached, its curve finally rising above that of
the untreated filament. As the amount of treatment is increased,
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the curve falls more and more rapidly at first, and less rapidly at
the higher temperatures. When we reach the filament treated
to 50 per cent., we find that it falls rapidly to about 50 per cent.
of its cold resistance, and remains practically constant at higher
temperatures. The curves of filaments treated to less than 50 per
cent. all rise after reaching their lowest point, which is reached
at about 50 per cent. of their three watts per candle voltage.

These curves show the changes in resistance of these filaments.
The ordinates are percentages of the cold resistances of the vari-
ous filaments, so that all curves start from the 100 per cent.
mark. The abscissse are percentages of the voltages at which
the various lamps take three watts per candle. The bottom
curve on this sheet illustrates the resistance curve of a carbon
filament which had been treated to about one per cent. of its
original resistance. This made a filament which was nearly all
treatment. This curve shows an increase in resistance from its
lowest point to the last point obtained, of about 25 per cent.

This lamp was measured at the Edison Laboratory by Mr. -
Kennelly and myself. The readings were very carefully taken
upon very sensitive instruments, and there can be no doubt as to
the accuracy of the curve, as it agreed very well with the meas-
urements I had previously made upon the same filaments. These
curves can be obtained a good many times from the same fila-
ments, so there is no permanent change in the filaments which in
any way accounts for the rise in resistance. The cold resistances
of the filaments, after being measured, were found to be the
same as before any measnrements were made.

These same ten carbons were taken from the lamps and put
into a baking oven, the temperature of which could be regulated
very nicely by an electric heater. These filaments were heated
to about 500 degrees Fahr., the temperature being measured by
two mercury thermometers. The resistance curves obtained in
this way are shown on the upper part of the sheet, and agree
quite well in character with the resistance curves obtained by
measuring the volts and amperes of the lamps, so there is no
doubt that the changes in resistance are due to temperature, and
to nothing else.

I then obtained untreated base filaments from as many kinds
of amorphous carbon as I could obtain, and plotted their resist-
ance curves.

I tried filaments made of bamboo, silk, cotton, cellulose (made
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by the ordinary squirt process), tamadine, and paper. All of these
base carbons gave the same curve, and all of them continued to
fall in resistance as long as I was able safely to increase the tem-
perature.

These carbons were quite different in their physical character-
istics. The silk filaments were the most porous, and had the
roughest and the best heat radiating surface, while the tamadine
filaments were very dense and had a very highly lustrous surface.

I was entirely unable for a long time, after making these
curves, to come to a satisfactory theory regarding them. The
reverse curve is not caused by changes in the characters of the
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surfaces of the carbons, due to emissivity, because no correspond-
ing changes in emissivity occur.

I made observations upon untreated and heavily treated fila-
ments, to see if they acted differently in regard to their expansion
with heat, thinking that possibly the changes in the resistance
curve may have been caused by a change in the expansion curve
-with temperature. These observations were not very refined,
being simply observations made by means of a telescope, but they
showed clearly that all of the carbons expanded with heat, and
apparently there was no difference in this respect.
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It has been the custom for some time to speak of the carbon
which is obtained by the treating process as graphite carbon, and
knowing that Mr. Edison had, in 1881, made some filaments of
graphite, by pressing the pure graphite under very great pres-
sure into the form of loops, I was very anxious to obtain a lamp
containing one of these filaments, to see whether it would have
the same resistance curve as the other forms of untreated carbon.
I have very recently obtained onme of these lamps from Prof.
Barker, of the University of Pennsylvania, and upon plotting its
resistance curve I was very much pleased to find that it had the
same characteristics as the heavily treated filament. It reached
its minimum resistance at a dull red heat, and from this point, as
the temperature was increased, the resistance increased also. This

Fia. 8. Fie. 4.

curve is marked @ upon the sheet on which the other curves are
plotted.

It will be observed that the resistance curve of this filament
does not fall as much as the other curves, and rises much more.
This may be due to the different natures of the two kinds of
graphite, or to structural differences. The top of the loop of the
graphite filament got much hotter than the rest of it; this would
cause this part to start rising before the rest had ceased falling in
resistance, and this may account to some extent for the less total
fall in resistance of this filament. The resistance of this filament,
after the measurements had been made, was just the same as
before they were made. This indicates quite clearly that our
calling the treated carbon “graphitic” is correct, and that the

— oA
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change in the resistance curve of treated filaments is due to the
graphitic nature of the layer of carbon which is put on during
the treating process.

The graphite filament lamp referred to is shown in Fig. 8.

The second part of this paper, which relates to the conductivity
of the vacuous space surrounding incandescent filaments, may be
considered as a discussion of the paper upon the “ Edison Effect”
in incandescent lamps, which was read before the INsTiTuTE by
Professor Houston, in October, 1884, and which was the first
paper read before this society.

“Edison Effect” is the name given to the effect produced by
those currents, first observed by Mr. Edison, which pass from one
leg of an’ incandescent filament across the vacuous space to the
other leg, and which can be observed by connecting a galvanome-
ter between the positive lamp terminal and a wire sealed into the
bulb and projecting into the vacuous space.

Figure 4, which is taken from Professor Houston’s paper,
serves to illustrate Mr. Edison’s original experiment. The gal-
vanometer indicates a current flowing from the positive lamp
terminal through the galvanometer and third lamp wire, and
through the vacuous space to the negative leg of the incandescent
filament. If the external connection of the galvanometer be
changed from the positive terminal to the negative terminal, no
current will flow through the galvanometer. This effect can be
observed in the most highly exhausted lamps. A lamp so highly
exhausted that it shows no glow when tested with an induction
coil, giving a spark 4" long, will allow a current sufficiently large
to show plainly on a not very sensitive galvanometer, to pass
through its vacuous space. This current increases as the temper-
ature of the filament is increased, but in a well exhausted lamp is
never greater than a very few milliamperes, when the lamp is
burned at about 24 watts per candle..

In 1884 Mr. Preece secured from Mr. Edison some lamps hav-
ing wires sealed into the bulbs, and read a paper before the Royal
Society describing some experiments made upon them, illus-
trating the “ Edison Effect.”

Professor Fleming read a most elaborate paper before the Physi-
cal Society of London, in March, 1896, upon this same subject.
Professor Fleming’s experiments proved that in well exhausted
lamps the vacuum is not a conductor in the ordinary sense of the
word, and that the current which passes through it is carried by
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negatively charged molecules, which pass constantly from the
negative leg of the incandescent filament to the positive leg and
to any inserted wire, thus bringing the inserted wire to the same
potential as the negative leg. Professor Fleming also proved
that these molecules pass in straight lines, and that their passage
is completely or almost completely stopped by a glass or mica
screen placed between the negative leg and the inserted wire.
The following experiments serve to illustrate these effects:
Figure 5 shows a lamp having a glass tube surrounding one

leg of the filament, and a wire sealed in the side of the bulb,

which projects into the centre of the vacnous space. When the
leg of the filament which is in the glass tube is made positive,
and the filament heated to about a 2} watts-per-candle tempera-
ture, the galvanometer, which is connected between the wire and
the positive lamp terminal, shows a strong deflection, but when
the leg in the tube is made negative, the galvanometer, being as

CURRENT NO CYRRENT )

CURRENT NO CURRENT!

+ g S -
Fie. 5. Fia. 6.

before connected between the wire and the positive lamp termi-
nal, shows no deflection.

Figure 6 shows a lamp having a platinum plate 2" long and
4’ wide between the legs of the filaments, and a wire inserted in
the vacuous space. I also used lamps having a similar plate made
of glass, similarly placed. In both of these lamps, when the
vacaum was high, no current was produced between the wire and
the positive terminal when the wire was shielded from the nega-
tive leg; but shielding the wire from the positive leg made no
hindrance to the passage of the current. The facts that no car-
rent flows when the galvanometer is connected between the neg-
ative terminal of the lamp and the inserted wire, and that a shield
between the positive leg and the inserted wire has no effect upon
the current, show that positively charged molecules are not
emitted by the positive leg; while the screen effects just de-
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scribed show that the negatively charged molecules pass in
straight lines.

The facts, then, are these: The galvanometer indicates a car-
rent flowing, as we designate the direction of currents, from the
wire to the negative leg; while experiments prove that the
charged molecules which carry the current actually pass from the
negative leg to the wire. These facts are entirely in accord with
the results obtained by Crookes and others in their investigations
of currents in high vacua.

If an alternating current is used to render the filament incan-
descent, the galvanometer will indicate a current with the con-
nection made to either lamp terminal, because both are equally
positive. The current thus produced is a uni-directional one in
the galvanometer, and illustrates very well the uni-lateral con-
ductivity between the incandescent filament and the wire.

Mr. Preece states in his paper that lamps which show a blue
glow in the vacuous space give stronger “ Edison Effects” than
those which do not show it. Professor Fleming also observes
that poorly exhausted lamps give slightly greater effects, but
neither of them paid much attention to these lamps.

The blue glow in lamps has long been associated in my mind
with a condition of the vacuum which makes it a conductor.
Lamps in the process of exhaustion, just before the vacuum is
perfected, show this blue very plainly, if a little more than
normal current is sent through the filament. The blue increases
as the current is increased and becomes very dense at very high
temperatures. This blue indicates a current passing from one
leg of the filament across the vacuous space to the other leg.

I observed several years ago, that at a high temperature .04
or .05 of an ampere more current flowed through a lamp show-
ing a good blue than through the same lamp, at the same volt-
age, when the blue had disappeared. I concluded that this extra
current flowed through the vacuous space between the legs of
the filament.

If a direct current about 20 or 30 per cent. greater than the
normal current be passed through a lamp filament when the vac-
uous space shows a blue glow, the positive joint between the fila-
ment and the platinum wire gets red hot, while the negative
joint remains cool.

I have always considered this as proof that the resistance to
the passage of a current through a vacuous space was chiefly at
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the surface of the positive electrode, as the energy was chiefly
developed there. If an alternating current is used, both joints
get equally hot.

If a lamp be burned at norma.l incandescence w1th a direct
current, when the vacuous space shows a good deal of this blue,
the negative leg of the filament becomes coated with a carbon
soot. This effect can be obtained in a few minutes if the blue is
dense and the filament is run above a normal incandescence.
This I have considered to be due to an electrolysis of a hydro-
carbon gas in the lamp.

The lamps which show only a slight amount of this blue glow,
if burned at normal incandescence, will not show this carbon soot
perceptibly, and the blue will entirely disappear if the lamp is
burned for a few hours. This blue is caused more by the charac-

Fia. 1.

ter of the residual gas than by the degree of exhaustion. Lamps
having a residual of bromine vapor do not show it at all, neither
do they show any “Edison Effect.” I have seen ordinary lamps
ready to be sealed off the pumps which showed blue and then
no blue, and blue again, at regular intervals of a few seconds.
Such lamps show corresponding changes in the “Edison Effect.”

If the current be gradually increased in a lamp which shows
good blue, the positive joint will get hotter and hotter and finally
its platinum wire will fuse. At this stage the resistance to
the flow of current across the vacuous space is not great, and if
the conditions are such that at this time all the resistance in cir-
cuit with the lamp has been cut out, so that the current flowing
will be practically determined by the resistance of the lamp and
the leads, enough current will flow through the vacnous space to
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fuse the platinum wires, which are sealed in the glass. This
fusion is not due to the same caunse as the fusion of the positive
joint wire by the vacunm current, because it fuses both positive
and negative wires, while the vacuum current fuses only the
positive. This fusion of both wires is due to the fact that the
low resistance of the vacuous space allows more current to pass
than the platinum wire can carry. This is further demonstrated
by the fact that a 10-ampere fuse in the circuit will often blow
when this happens.

In order to measure the currents which pass from one leg of
the filament to the other across the vacuous space, I measured
the current at a given voltage of a number of lamps; first when

. Fra. 8.

the lamps showed a good dense blue, before they were well ex-
hausted, and again after the same lamps were well exhausted
and showed no blue. Some 55-volt 24 c. p. lamps showed .4 of
an ampere more on the first reading than on the second. All of
this .4 of an ampere must have passed through the vacuous
space, for the resistance of the filament remained practically un-
changed or became a little lower during the operation.

I also measured the currents which passed across the vacuous
space, when these currents were large enough to fuse the joint
wire, and also when they were large enough to fuse both plat-
inum leading-in wires. I found that fromn one to five amperes
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passed across the vacuous space when the positive joint wire only
was fused, and that when both wires leading through the glass
were expanded so by the heat of the current that the glass was
shattered, the current measured from 10 amperes to more than
25 amperes.

In order to measure the instantaneous current which shattered
the glass, I raised the hand of the ammeter to successively higher
points, to find the mark at which the current would just raise
the pointer. I used an ammeter measuring 25 amperes, and
when the pointer was raised to the 25 ampere mark the current
through the vacuous space caused it to jump beyond this mark.

Figures 7 and 8 show stems of lamps exhibiting the effects of
currents of from one to 25 amperes passing through the wires
and the vacuous space. The glass about the wires shows the
fusing effect of the current, and the fracture of the glass shows
the effect of the expansion of the wires by the heating effect of
the current. The undisturbed condition of the glass between
the two leading-in wires shows .that the current did not pass
across the glass, but must have passed through the vacuous
space. Gradations of current from one to 25 amperes, used in
this experiment, were obtained by regulating the amount of re-
sistance in’ the circuit when the experiments were made. Unless
some resistance had been left in the circnit, all of these lamps
would have shown currents as high as 25 amperes or thereabouts,
hecause the conductivity of the vacuous space increases very rap-
idly when the effect is great enough to start the fusion of the
wires.

The lamp shown in Figure 9 illustrates the fact that the heat
produced at the positive joints by the “Edison Effect” current
is not simply the result of a mechanical bombardment. This
lamnp was exhausted to show a good blue. The temperatnre of
the filament was raised sufficiently to cause vacuum currents
large enough to heat the positive joint red hot. The outer end
of the middle wire was then connected to the positive lamp ter-
minal. When this was done the positive joint became cool and
the middle wire got red hot. This was repeated several times.
The middle wire got hot enough to fuse the end, which was
platinum. This indicates that most of the heat is caused by the
charged molecules coming in contact with some conductor which
will carry away their charge. The current was not measured in
this experiment. '
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Figure 10 shows the lamp used in a similar experiment. The
middle wire carried a copper plate about 1" long and }" wide.
This lamp was exhausted to show a good blue. An ammeter
was connected between the middle wire and the positive lamp
terminal. As the current was gradually raised, the vacuum cur-
rent heated the copper plate until it was fused, as shown in the
figure. The ammeter in this case indicated over five amperes
flowing through the vacuous space between the negative leg of
the filament and the copper plate.

I next tried a series of experiments to determine whether the
current which passes through the vacuous space when the blue
glow is present was the effect of charged molecules moving in
straight lines only, from the negative leg, or whether this current
would pass around a screen. If a blue .glow should appear in
lamps with a shield between the legs of the incandescent fila-
ment, it would be an indication that the charged molecules under

N
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these conditions could carry a current between the two legs in
other than straight lines, and if the positive joint should get red
hot in such a lamp it would indicate that the charged molecules
pass around an obstacle quite freely. For this experiment I
used a lamp with a glass plate 21" long and 3’/ wide between
the legs of the incandescent filament. It was necessary to raise
the filament in this lamp to a very high temperature before the
blue appeared, and then instead of appearing gradually, as it
does in ordinary lamps, it appeared suddenly and in great abund-
ance and the positive joint got red hot, so that it was necessary
to reduce the temperature of the filament to prevent the fusion
of the joint wire. As the temperature was reduced, the blue
gradually decreased, as it does in ordinary lamps.

When the temperature was so reduced that very little blue
was visible, the blue would increase gradually again if the tem-
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perature was increased. When the circuit was broken, the fila-
ment had to be again raised to the high temperature before the
" blue again appeared. In this lamp the blue appeared at 136
volts, and remained when the pressure was reduced to 109 volts,
but would disappear between 109 and 101 volts.

My next experiment was with a lamp (shown in Fig. 11) hav-
ing a platinum screen between the legs of the filament and a
platinum wire sealed in the side of the bulb and projecting in
the vacuous space, with its end bent so as to run parallel with
one leg of the filament for about 1’ between the filament and
the platinum plate. When this filament was heated to about a
23-watts-per-candle temperature, the vacuum current did not
pass around the screen and no blue showed in the vacuous space.
That leg of the filament being negative which was on the same
side of the screen as the wire which was sealed into the bulb, I
connected the galvanometer between this wire and the positive
lamp terminal. The galvanometer showed a strong current. On
breaking the galvanometer circuit, blue appeared on the positive
joint and in the bulb. I repeated this several times. It occurred
when the temperature was considerably below the temperature
necessary to start the blue around the screen.

In each case, connecting the galvanometer between the wire
and the positive terminal would cause blue to appear about the
inserted wire and the negative leg, and breaking the galva-
nometer circnit would cause blue to appear on the positive joint,
and in the vacuous space about the positive joint, and about the
negative leg of the filament.

With this same lamp I observed that when the filament .was at
a temperature not suflicient to start the blue, if I touched the
positive terminal with one finger, and the inserted wire with the
other, the blueimmediately appeared in the vacuous space about
the positive joint and the negative leg of the filament.

These experiments demonstrate that in lamps exhausted so as
to show a good blue, the charged molecules have some difficulty
in starting their passage from ome leg to another around an
obstacle, but maintain their passage after it has been once estab-
lished. Also, that their passage around an obstacle is easily
established by starting a flow of charged molecules from the
negative leg through a small unobstructed part of the vacuous
space, to an inserted wire which is connected to the positive
terminal, and then breaking the positive terminal connection.
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To determine how large a current could be made to flow around
an obstruction in lamps exhausted to show a good blue, I used a
lamp shown in Fig. 12, having a glass tube about the negative
leg, and the wire sealed in the side of the bulb, running parallel
with the positive leg for about 1”. I connected an ammeter
between the inserted wire and the positive lamp terminal, and
raised the temperature of the filament until a dense blue ap-
peared in the vacuons space, and about the wire and the end of
the glass tube. The temperature of the filament was raised until
the vacuum current fused the platinum wire which was sealed
into the bulb. When this occured, the ammeter indicated 2} am-
peres, and remained at this reading one or two seconds.

Any of the lamps in which the condition of the vacuum is just
right, showing the blue glow, will show a current in a galvanometer
connected between the wire inserted in the vacuous space, and
the negative lamp terminal, but in all cases this current is small.
One-half milliampere is the largest current I have observed under
these conditions.

I next tried some experiments with lamps like the one shown
in Fig. 18, which has two wires sealed in opposite sides of the
bulb, which project inward to a point near the filament about
}” above the joints. This lamp was exhausted to show a good
blue. The galvanometer was connected hetween the wires which
were sealed in opposite points of the bulb. No current was in-
dicated until the temperature of the filament was raised quite
high, and the blue glow was quite intense.

Under these conditions the galvanometer indicated a current
of .1 milliampere.

I have made experiments upon two lamps containing bromine
vapor. One of these lamps which contained bromine enough to
depress the barometric column 44 ”, showed no “Edison Effect”
when the potential was run up as high as 170 volts, using a 110-
volt lamp.

The second lamp had very much less bromine vapor in it, and
showed a very slight “Edison Effect.” This lamp acted very
peculiarly.  When first tried it gave an “ Edison Effect” which
changed very little in value between 105 and 146 volts. At 120
volts, the vacnum current showed a deflection of the galvanometer
of 14 scale divisions, while at 128 volts it showed a deflection of
only 12 scale divisions. I observed this several times. This was
quite a large reverse change, as the current at 146 volts only in-
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creased enough to give a deflection of the galvanometer of 16
scale divisions. This change was observed on several days, but
it was less marked each time it was tried, until it finally disap-
peared.

The question naturally arises, what causes the blue glow in the
vacuous space ! The glow is luminous, and luminosity can only
come from matter; consequently we conclude that the vacuous
space, when. blne shows, is filled with luminous molecules, and
as these molecules are not of themselves luminous, we must seek
for the cause of their luminosity.

We have seen that the negatively charged molecules liberate
considcrable energy on coming in contact with a body that con-
veys away their charge. We have also seen that when the blue
glow is present there is a considerable flow of charged molecules
through the vacuous space, and that the naturally rectilineal
movements of these molecules are disturbed.

We also know that molecules are emitted from the positive
leg about as plentifully as from the negative leg, although these
molecules do not carry a positive charge.

The conclusion seems to be that the blue glow is a manifesta-
tion of the energy developed by the meeting of the charged
molecules with other molecules which take away part or all of
their charge. ’

Well exhausted incandescent lamps which have burned a long
time show a black deposit on the inner surface of the bulb. In
lamps with thick, stiff, single-loop filaments, in which the two
legs lie in the same plane, a light line may be observed in the
black deposit, which is caused by the shielding of this line by
one leg, from the molecules emitted by the other leg. This line
shows with about equal clearness opposite both legs, indicating
that carbon molecules are constantly emitted from hoth legs,
equally and in straight lines.

In lamps which have been imperfectly exhausted, the black
deposit sometines appears in patches, symmetrically placed with
reference to the carbon. I regard these figured discolorations
as indications of disturbances in the rectilineal paths of the mole-
coles, and of the influence of the magnetic field ugon the dis-
turbed molecules.

The activity of the molecules carrying current across the vac-
nousspace seems to depend more on the temperature of the filament
than on the potential difference between the legs, 40-volt lampe
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showing about as strong effects as 140-volt lamps. The energy
they exhibit in one direction seems to be very much greater than
we would expect from molecules actuated by a potential differ-
ence of only 40 or 50 volts. The action of these molecules in
carrying electricity in one direction only, may be an indication
of the nature of the action between molecules in solid conduct-
ors carrying currents, rather than an illustration of the action of
statically charged molecules.

Discussion.

Mgz. Joun W. HowerL:—After I had written this paper, I
broke the lamp having the graphite, filament and took a part
of the filament out, and measured its specific resistance. Its
specitic resistance (the resistance of a ’Fiecc one inch long and
one circular mil area) was 450 ohms. The lowest specific resist-
ance | have ever measured of amorphous carbon is about 2200
ohms. The treatment obtained by hydrocarbon deposit is about
350 ohms, which is about six or seven times as low; and this
graphite lamp was 450 ohms, which was very nearly the figure
of the carbon obtained by treatment, and I think if it had been
a more solid graphite it would have been lower. I can also say
that the specific gravity of graphite is practically the same as the
specific gravity of the carbon vbtained by hydrocarbon deposit.

Tue PresipeNt :—How was that filament made?

Mg. HoweLr:—It was simply made by making a die, filling
it with graphite and solidifying it under great pressure—so great
pressure that it made a solid graphite filament of it.

Dr. A. E. Kexnkrry :—1I believe that I voice the general sen-
timent in saying that this is a very interesting paper, both by
reason of what it contains of investigation and by reason of what
it suggests for further imll(uiry.

I remember having taken part in the measurements of resist-
ance in the lamp filament referred to. I believe that the theory
given in this paper was suggested at that time for the apparently
abnormal bebavior of its resistances, but the additional evidence
was not then forthcoming which enables Mr. liowell to make so
strong a case for that theory in this paper.

It is perhaps no more surprising that graphite should differ
markedly from ordinary carbon in its temperature co-efficient of
resistivity, than that diamond should differ markedly from ordi-
nary carbon in its hardness.

Incidentally it is curious to observe fromn the curves in the
paper that approximately five per cent. of the voltage needed to
produce an inefliciency of three watts per candle. raised the tem-
perature of the filaments experimented on to 500° F., or 260° C.

It has long been known tﬁat the passage of & continuous cur-
rent through a Geissler tube set up a series of pulsatory currents
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or discharges, which are capable of producing alternating cur-
rents in a separate circuit, through the intermediary of an alter-
nating current transformer. So far as I know, however, it has
been pointed out for the first time in this paper, that an alter-
nating current passed through an incandescent lamp giving the
“ Kdison Effect” is capable of producing in a branch circuit
through a third wire in a lamp, continuous or at least undirec-
tional currents. Consequently it is interesting to observe that a
vacuum tube, in the broadest sense of the term, is capable of sup-
glyin not only alternating currents from continuous currents,
ut also continuous currents from alternating currents.

As regards the results obtained in the interesting manner
described, it would appear that some of these observations
differ from those quoted as obtained by Dr. Fleming. [t would
seem that Dr. Fleming took the position that the blue discharge
can only travel in straight lines, whereas in some of the experi-
ments here referred to, ns, for example, those in connection with
Figs. 11 and 12, the blue discharge and the * Edison Effect”
did apparently go around a corner, and a sharp corner too.

I am unable to follow the conclusion mentioned by Mr. How-
ell, that the change in the development of heat from the positive
joint to the middle wire, when the connections are changed, indi-
cates that no bombardment can take place. It seeme to me pos- -
sible that bombardinent might still take place under a directive
influence determined by the point of connection. No doubt Mr.
Howell can make this matter clear.

Mz. E. A. CoLBy:—I am deeply interested in Mr. Howell's
paper, especially the latter part of it, referring to the so called
“Edison EKffect.” WhileIam not prepared to-right to present any
theory as to the phenomensa observed, 1 can say that the charac-
teristice ' which Mr. llowell has mentioned are well known to me.
I wonld like to ask if he has substituted for the galvanometer
which he used in measuring the currents, the still more sensitive
instrument, the telephone, and whether he has attempted with its
aid to explore the vacuous space by the insertion of platinum wires
at different pofuts in the glass bulb. Some years ago I tried an ex-

riment of this character which was described in a discussion be-
ore the InsTiTUTE. I sealed into a lamp bulb in the plane of the
tilament a number of platinum wires about one inch apart. Con-
necting the terminals of the telephone with the positive leg of
the lamp, and with one of these wires 1 observed a note in the
telephone which varied in pitch according to the position of the
wire sealed into the bulb. When the telephone was connected
to the positive leg on one side, and to the platinum terminal
which was nearly at the middle of the filament, or more correctly
on the diagonal to positive terminal of the area enclosed by the le
of the filament, I obtained the maximum note, and as I carried this
terminal of the telephone near to the negative leg of the filament
1 got practically no sound whatever. I also inserted in a similar
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lamp a glass plate, upon which I obtained # deposit of carbom
upon one side only, the depth of the deposit apparently increas-
ing from the base of the lamp to the apex, indicating that par-
ticles of carbon were actually transferred fromn one leg of the
filament to this glass plate. I then attempted to produce me-
cbanical motion within the bulb of the lamp by constructing &
very delicate mill out of mica vanes, and supporting the same %e
tween the legs of the filament. This mill was composed of four
alumininm arms with mica vanes attached, and was shaded—
half of it—so that only one portion would be exposed to the
impact of the carbon molecules. This experiment was only tried
once and proved a failure.

I notice that Mr.- Howell reaches the conclusion that the
luminosity is due to the energy set free by the impact of the
molecules of matter present, which is undoubtedly the case. I
should be very glad if he would express an opinion as to what
may be the nature of these molecules, whether they are particles
of carbon, or whether they are hydrogen gas, or compounds of
hydrogen with carbon.

There is one other point which I would like to bring up, and
that is the effect of gases, such as bromine, left in the bulb. I
entirely agree with Mr. Howell that when bromine gas in an ap-
preciable amount is left in a bulb, the blue discharge disappears,
and that the current across the vacuous space is absent. 1 have
also found the same to be true if the vacuous space or the space
within the lamp bulb is occupied by the vapor of chloroform and
various other hydrocarbons. But I have also noticed that when
certain compounds are present in the bulb, the blue discharge,
instead of disappearing, actually increases. And notably I recall
8 case where a lamp had been exhausted which had attached te
the bulb a tube containing mercuric cyanide. pon heating this
tube until the glass was ready to collapse we forced the vapor of
mercuric cyanide, or possibly the components of mercuric
cyanide, into the lamp bulb. Upon raising the current appreci-
ably afterwards, the blue discharge suddenly appeared and spread
out in concentric rings from the positive leg nearly reaching to
the negative, and a short circuit resulted after the lamp had re-
mained on the pump a few moments. The same increase in the
blue discharge I had also observed in lamps containing filaments
which were imperfectly carbonized.. In the earlier manufacture
of the tamadine filament we undertook to carbonize the material,
utilizing the same temperature with which we had been carbon-
izing the ordinary paper and silk filaments, but unfortunately we
were unable to reacﬁ a temperature high enough to effect com-
plete decomposition of the tamadine. Filaments made in this
way, upon being sealed in the lamp bulbs and having a current
passed through them, became further carbonized, and the re-
sult was, that a large amount of gas was liberuted and the globes
were filled completely with a violet blue discharge, and if the
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current was allowed to continue, short circuits inevitably re-
sulted. This indicated to me at the time, that the blue discharge
was possibly due to the presence of gases which were liberated
from the carbon filaments, and that the blue discharge in other
lamps which appears when a high degree of exhaustion is
reached, appearing as it does at the stubs or the points at the
lowest temperature, possibly was due to the presence of occluded

at those points, which in working their way out gave rise
to the blue discharge. To investigate this matter further, I re-
member that we sealed glass tubes to the platinum wires so that
the tubes surrounded the stubs. Upon raising the current to the
point at which the blue discharge usually appeared we failed to
obtain it. But upon raising it still more, su(ﬁlenly the blue dis-
charge shot out from the glass tube surrounding the positive le
in a large amount, and the temperature at that point was so hig
that the glass tube was fused. I have noticed also the same
effect which Mr. Howell mentions of the heating of the platinum
wire on the positive side due to the vacuum current. I have
succeeded more than once in obtaining this effect without fusing
the platinum wire; raising the wire to a red heat throughout its
seal })rom the interior to the outside, and upon reversing the cur-
rent obtaining the same effect upon the opposite side. The blue
discharge tirst appearing at the stub and gradually traveling
down the wire, I thought at the time that it might be due to

occluded in the platinum wire itself. You are all familiar
with the fact that there is a process of electric forging in which
the metal is connected to the negative pole and inserted into a
liquid bath, and upon turning on a sufficient amount of current
the negative electrode becomes heated to a very high tempera-
ture. I believe the theory for this is that the metal becomes.
enclosed in an atmosphere of hydrogen, the resistance of contact
being so high that the temperature is raised to a white heat. It
occurred to me that platinumn, occluding as it does so much
hydrogen, and possibly, also the stubs and filaments, which at
very high temperatures may be giving off hydrogen as a result
of further decomposition, might account for the appearance of
this blue discharge. 1 am exceedingly grateful, personally, to.
Mr. Howell for his lucid explanation of the phenomena.

Drx. SamuEL SukrLpon :—Last year, when Rontgen first gave
out his results, I was looking through the literature of the sub-
ject of Crookes™ tubes, and I came across one piece of informa-
tion which struck me as rather peculiar and which may bear
upon this subject *here. It was that a Crookes tube with two.
electrodes constituted a condenser; that the capacity of this con-
denser depended upon the condition of the exhaustion, upon the
size of the electrodes and upon the distance between the elec-
trodes ; that the dielectric of this condenser, if it can be so called,
exhibited the peculiar property of breaking down when the volt-
age impressed upon the electrodes exceeded a certain amount,
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and that when a Crookes tube was properly operated so as to
glow, that the voltage upon the terminals was always of a defi-
nite amount; it never exceeded that amount, for if an electro-
motive force which was greater than the amount necessary to
produce this glow discharge should be impressed upon the two
electrodes, the difference of potential was reduced by an adjust-
ment between the internal resistance of the coil or source of elec-
tromotive force and a series of pulsatory discharges of widely
varying frequency between the two electrodes. I speak of this
in this connection because it seems to me perhaps to explain the
experiment of Mr. Howell represented in Figure 11, where the
discharge was not observed between the negative terminal and
the positive terminal when a shield was interposed, but which
was started at the moment that the intermediate wire was con-
nected with the negative terminal. In the latter case, the length
of path between the interposed wire and the positive terminal
was lessened to such an extent that perhaps, possibly, the voltage
which was impressed on the two terminals and which was in this
case limited, because it was short-circuited through the filament,
was enabled to give a discharge, and that once having been
started the character of the discharge was maintained, as is often
the case in a Crookes tube.

Mz. CoLsy :—I would like to ask Mr. Howell if he has made
any examination of the blue discharge by means of the spectro-
scope. I have in my notes, under October 11th, 1883, an instance
where we had this pronounced blue discharge. Upon examina-
tion of the discharge with the spectroscope, a number of very
bright lines to the right of the D or sodium line were seen. But
unfortunately, before their position could be fixed the lamp short-
circnited. In every case I find my notes indicate the presence of
the same lines. I have here a small diagram of the spectrum,
indicating as nearly as could be done by three observers, Mr.
Weston, Professor Garver and myself, where these lines were
located. The sodium line was clearly vigible. The most marked
line was a bright green, which Mr. Weston thought was possibly
due to the presence of mercury. It might possibly have been
mistaken for hydrogen. Hydrogen and oxygen would undoubt-
edly be present from the decomposition taking place. Mr.
Weston’s theory is—I am reading notes which were made at
that date—that the presence of hydrogen brings out the mercur
lines. The exhaustion in all these cases is incomplete. I thin
it would be very interesting, if Mr. Howell has the facilities, to
study the blue ?i'scharge by means of the spectroscope. Possibly
we ean thus get information as to what matter is present, giving
rise to the discharge.

SecrerarYy Pore (in the chair):—The questions involved in
this very interesting paper are necessarily confined to the ob-
servations of those who are engaged in a special branch of the
business, and for a moment, when Mr. Colby spoke of the date
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of his notes, I paused to think whether we had incandescent
lamps in 1883. I think it would be of interest, when Mr. liowell
rises to cluse the discussion, if he would intimate what bearing
this investigation has upon the manufacture of lamps, or possibly
its interest to users of them. How these lamps are made, and
the intricate processes they go through in treating these fila-
ments, is of course a sealed book to many. If there are any gen-
tlemen present who are not members of the INsTITUTE, they are
at liberty to make any remarks or ask any questions of the
author.

Me. DouarLass Burnerr:—I have a request to make of Mr.
Howell, that in closing his remarks he will tell some of the
younger members what tamadine is.

Mg. CorBy :—Tamadine is & name which unfortunately con-
veys very little meaning. It is a name which was compounded
by one of Mr. Weston’s assistants—his secretary, 1 believe—who
had a more familiar acquaintance with the Greek language, or
more time to hunt up Greek words which would convey the true
meaning of what was intended than the rest of us. Tamadine is
simply a cellulose filament which is made by dissolving ordinary
gun-cotton in a mixture of ether and alcohol ; pouring the solu-
tion on a glass plate, the sclvents evaporate, leaving what is gen-
erally known as collodion. Of course in this state it is highly
inflammable, and it must be treated chemically to remove the
oxygen combined with it before it can be carbonized. The ad-
vantages claimed for it were that it gave a homogeneous fila-
ment. [The literal meaning of tamadine being “ without struc-
ture.]” Now that I am up—1 am sorry to take so much time,
but these notes I have not looked over for a good many years—I
find on December 26, 1883, that I made a lamp in the shape of a
U tube for the purpose of investigating still further this blue
discharge. It was a lamp with a large filament, 125 o. p. lamp,
and a straight tube was made of sufficient length to contain this
filament, and then bent up in the shape of the letter U. In this
way a most effective screen was interposed between the positive
and negative legs. I exhausted this lamp as finely as possible,
increasing the current until both stubs were very hot, without
noting the least trace of discharge. After burning at high candle
power for several hours, the carbon was perfectly clean. In other
words, there was no discoloration of the negative leg, as is often
observed, but the sides of the tube were badly blackened. The
mechanical difficulties of making a lamp of this character were
too great, of course, to adapt it to commercial purposes.

&. WoLoorT :—In connection with the explanation of what
tamadine is, 1 will say it is entirely new to me that tamadine is
nitro-cellulose, or celluloid, as you may say. I certainly read in
the electrical journals once that it was made by treating cellulose
proper with ammonium sulphide. Some one wrote an article
saying that that was what it was.
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Mkr. CoLBy :—It was made as I described « moment ago, in the
laboratory. To turn it out in large quantities, of course that
process was altogether too slow, and we resorted to the facilities
of the Celluloid %Iunufacturing Company of Newark, and they
made it by treating ordinary tissue paper and reducing it to the
chemical state such that it became soluble in a mixture of ether
and alcohol with certain other compounds.

Mr. Worcorr:—They made nitro-cellulose of it.

Mkr. CoLBy :—Practically. I cannot speak with knowledge of
their process or the exact chemical composition, because that is a
secret they keep themselves.

Mr. WoLcorr:—Some one wrote an article—I forget who it
was—stating that Mr. Weston had discovered a process of form-.
ing this material by treating ‘the cellulose or paper with ammo-
nium sulphide, and that is entirely different. Of course I do not
know whether there is anything in that or not.

Mgr. CoLpy :—That is something I never heard of. The only
nse to which we put ammonium sufphide was to reduce the nitro-
cellulose. It was treated with that to render it less inflammable.
Very likely that is the origin of the statement.

];YR. CuarLes Wirt :—I have never ceen a statement of the
fact that coutact resistance between metals has a negative temper-
ature co-efficient. This is a fact which I found out by experi-
ments some years ago, and [ have always associated this pecu-
liarity with the negative temperature co-eflicient carbon, which
being (at least in most forms) of rather loose structure and of
high resistance, is rather suggestive of contact resistance between
particles. The reversal of this temperature curve in Mr. How-
ell’s diagram interests me very much, and I would like to know
more about it. It looks as if that sample of graphite, after pass-
ing a certain temperature, became something that was not graph-
ite. We get a striking change in the nature of phosphorus by
simple heating of the material, the resulting allotropic form be-
ing decidedly unlike the original. If Mr. Kennelly or Mr. Howell,
or somebody else, would investigate this graphite further, perhaps
we may learn how to make diamonds.

Me. lloweLL:—Mr. Kennelly suggests that the argument
which I made that the heating effect observed on the positive
joint, or on a positively connected inserted wire, was not due to
molecular bombardment was not conclusive. The lamp shown
in Figure 10 had a copper plate an inch long and about a quarter
of an inch wide between the legs of the filament, and the fila-
ment itself was only one and one-half inches high, so that the
little globule which you see in Figure 10 at the end of the wire
is the result of the melting of a copper plate which extended
two-thirds at least of the length of the loop. In that lamp there
wae no indication of heat on that copper plate, unless this ex-
ternal wire was connected with the positive terminal. The plate
would naturally receive a very large proportion of the molecular




1897.] - DISCUSSION IN NEW YORK. 49

bombardment, which was directly across, between the two legs.
It shielded the positive joint of the lamp from a large part of
the direct molecular bombardment, and yet it would not get hot,
and the positive joint would get hot; {ut just a8 soon as that
middle p]::te was connected to the Eositive wire, then that plate

ot hot and the joint got cold. 1 think that is quite conclusive
that the bombardment itself does not produce very much heat. -
1t may produce some, but not very much until there is positive
connection made which allows the molecules to discharge to a
point of high potential.

Mr. Kennelly also suggests that my conclusions are somewhat
in conflict with those of Professor Fleming. They are not.
Professor Fleming’s work was all done with Esmpe which were
highly exhausted. All the highly exhausted lamps with which I
experimented behaved exactl{ as Prof. Fleming’s did. There was
every indication that the molecules passed in straight lines only.
They would not pass around the screen shown in Fig. 11, and
their effests would not be exhibited in the lamp shown in Fig. 12
when the negative leg was in the tube. The power to pass in
other than straight lines exists only, so far a8 my experience
shows, when the vacuum is in a condition to give a blue glow.
In that case I believe that there is a large number of molecular
collisions constantly occurring in the vacuous space, and perhaps
the charged molecules do not go from the negative to the posi-
tive around corners, but go to other molecules to which they give
up their charge. Proba‘tﬁy the motion is in a number of straight
lines instead of one. But in all cases in which the lamp had a
high vacuum, as it was in all the lamps Prof. Fleming used, I
found no ability to pass in other than straight lines.

Mr. Colby speaks of substituting for the galvanometer a tele-
phone for exploring the potentials of the vacuous space. That
point was very thorough [y covered by Professor Fleming, with
a condenser, which is still better than a telephone. The indica-
tions of the telephone are not simply indications of potential, but
are indications of current, and the current in this case must de-

nd on the number of molecules which are received by the pos-
itively connected wire. His experiments with a telephone are
entirely in accord with all of my experience, which shows the
current a maximum between the positive terminal and a point
near the bottom of the negative leg of the filament, and that ae

ou go distant from the foot of the negative leg you get less and
{ess total bombardment for given surface, and less effect on the
telephone. But with the condenser you find the potential is the
same everywhere; anywhere in the vacuous space in which you
insert & wire and get its potential difference between the positive
electrode and that point. In fact, every point of the vacuum is
reduced to the potential of the negative leg. The condenser was
allowed to charge, and was discharged through a ballistic galvan-
ometer. '
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Mr. Colby’s question as to whether the luminosity was due to
the energy of carbon or of other molecules, I do not know that I
can answer fully; but 1 think there is every indication that it is
due -not to carbon molecules but to others. I do not think it is
Kossible to get a blue glow in a lamp after it has been well ex-

austed—after it has been exlmnste(f of everything except the
carbon molecules which come from the filament. It is only to
be obtained when there is some other gas or vapor in the lamp.
‘Water vapor causes a very marked blue effect. One fact which
I mentioned in this paper was that in the presence of a blue dis-
charge, if a direct current is used in heating the filament, a black
deposit will appear on the negative leg, and yet you know that
the bombardment which affects the galvanometer is from the
negative leg. Yet the black a‘ppeared on the negative leg, show-
ing that there is a transfer of carbon molecules, probably from
the gas in the bulb, to the negative leg, and that is always ob-
served where you have a blue glow, but you can never observe
that in a well exhausted lamp. When a filament is heated with
a direct current the carbon molecules proceed from both legs
ually. 1 do not think there is any evidence in my possession
which indicates that there is a greater throwing off of carbon
molecules from one leg than from the other. I know that other
observers have stated that there was such evidence, and that the
carbon molecules were thrown off very freely from the negative
leg. There is no evidence which 1 have which supports it.
There is plenty of evidence that if one leg of the carbon is a
little thinner than the other, and hotter, it will throw off a good
deal more carbon at its higher temperature. But the t num-
ber of lamps which I have seen which show an equal shade on
both sides of the bulb indicate that that is equal from both legs
when both are equally hot.

Mr. Wirt’s suggestion as to_the investigation of graphite of
high temperatures and the possibility of its changing into some-
thing which is not graphite is worthy of consideration. But the
fact immediately presents itself that when the carbon is cold it is
graphite again. It is pretty hard to investigate a white hot sub-
stance which has the power to go back to its old condition when
it gets cool again.

. Pope speaks of the bearing which this paper has on the
manufactnre of lamps. The only bearing it has 1s to tell us not
to make lamps that show blue.

The action of these molecules emanating effectively from the
negative leg only, is very curious, and I hoped that the suggestion
which I made at the very end of this paper would be taken up
and discussed by somebody who knew more about it than I did;
that is, that the action of these molecules in carrying electricity
in one direction only, may be an indication of the nature of the
action between molecules in solid conduectors, carrying con-
ductors, rather than an illustration of the action of statically
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charged molecules. I think there is evidence that the action of
these molecules has very little to do with their static charge.
We know that in order to produce effects by a static charge in
an ordinary vacuum you have got to use very high potentials
and quite a large amount of actual energy. ereas in these
cases, a lamp which requires a very low potential difference will
give a very strong molecular effect, and its passage in one way
only is rather hard to explain. In fact, Prof. Fleming does not
explain it. He says it is so because it is so, practically, and T am
sure [ cannot explain it. But it is a fact that the current is car-
ried in one direction through the vacuum just as it would be if it
were a conductor with all its resistance at the positive contact.
If this were 80, an inserted wire would show the same effects as
those we observe in actual lamps. We have measured currents
as high as 25 amperes passing through a space in which there is
no continuous matter—that is, matter in the continuous condi-
tion we think of when we speak of a solid. When that current
is passing, there is a vacuum there which is so high that it would
scarcely depress a barometric column. In fact, I tried to meas-
ure whether there was a depression of a mercury column, and if
there is any it is very slight indeed. Under proper conditions, a
vacuum which will not appreciably depress a mercury column
will carry a current and appear to have practically no resistance
except at the positive contact. The vacuum will sometimes
“change from an insulator to an almost perfect conductor sud-
denly, without any gradations at all. It will be a sudden change
due only to a suddenly acquired ability of the molecules to carry
the current across the space in one direction only. The indica-
tion of the unidirectiona{)current from the alternating current is
very interesting. It was a natural result, and it was one which
I predicted before I tried it. I made an indicator for an alter-
nating circuit in that way by using a lamp with a third wire
which had a high degree of exhaustion on an alternating circuit,
the alternating circuit giving the carbon its temperature, and the
variations in the current affected an ordinary direct current gal-
vanometer connected between the inserted wire and one elec-
trode, and it seemed very strange to see an undirectional current
taken out of an alternating current in this way.
On motion of Mr. Kennelly a vote of thanks was tendered to
Mr. Howell for his very interesting paper.
[Adjourned.]
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[CommunicaTeED ArTER ADJOURNMENT BY ProF. W. M. STINE ]

Pror.W. M. STiNE :— Perhaps the most elaborate investigations
of the ““ Edison Effect” have been carried out by Professor J. A.
Fleming. In a lecture before the Royal Institution, in 1890, he
developed about all the leading facts which he has since elab-
orated. His experiments, together with those detailed in the

per under discussion, reveal a large number of facts, interest-
ing alike to the student of physics and the manufacturer and
user of the incandescent lamp.

In Professor Anthony’s paper before the InstrTuTE in 1894,
it was stated that carbon was removed from the filament
through the action of convection currents. This was taken
exception to at the time, and the evidence from experiments on
the ¢ Edison Effect” clearly disprove this assumption. In one of
the lamps employed by Professor Fleming, containing a sealed-
in aluminium plate, this accidentally vaporized, coating the walls
with metallic alaminium, and leaving a well-defined molecular
shadow of the filament. It may®then be held that in the high
vacuum of an incandescent lamp, metals or carbon brought to 1n-
candescence truly vaporize, and the molecules leave the surface
and travel in straight lines, having a fairly free molecular path.
Nor can the driving off of carbon molecules from the filament be
regarded as an electrical act; it is rather due to evaporation at
high temperature, and can be assisted by electrical repulsion but
to a limited extent, since the voltage in lamp filaments is usuall
very low. This is confirmed by the present paper. Mr. Howell
found the “Edison Effect” to be as strong between the filament
legs of a 40-volt lamp as one ofperated at 140 volts, it being
assumed that the temperature of incandescence was the same in
each case. In a curve given by Professor Fleming, the ¢ Edison
Effect” is approximately a linear function of the volts between
the lamp terminals. The temperature of the filaments in such a
case is itself almost a linear function of the volts. His curve
actually bends slightly downwards,® showing the influence of
increased heat losses by radiation. Had the evaporation been
influenced by the highest voltage to any appreciable extent, the
curve must have bent upwards. Again, were the discharge of
the molecules due to their static charges, the “ Edison effect”
would occur in a filament of uniform cross-section about equally
over the entire surface. Another noteworthy experiment of
Fleming was to seal similar filaments in the end of an egg-
shaped tube. These were heated to incandescence hy battery
currents. A single cell of battery connected to points on the
two filaments, which were at equal potentials, was able to send a
marked current through the tube. This experiment establishes

1. Reprinted in Sctentific American Supplement, August 23, 1890.
2, Phil. Mag., July, 1896.
3. Phil. Mag., July, 1896, p. 57.

——
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two facts: that incandescent carbon fills a vacuum tube with a
carbon atmosphere of high conducting power, and that this
vapor conducts an electrical current much as does a solid con-
ductor.

Perhaps the most singular phenomenon in this connection is
the unilateral nature of electrical discharge from an incandescent
source. The carbon vapor itself conducts equally well in any
direction, but the discharge takes place only from the negative
side of the filament. This, again, is another proof that the
“ Edison Effect” is not a static one, since the entire filament
would be covered with a static discharge of the same sign.
Guthrie long since showed that an incandescent conductor would
discharge negative but not positive electricity. The action of
the Crookes tube with cold electrodes is, in the main, of a similar
nature. These facts indicate, as Lord Kelvin pointed out some
years since, that there is a radical difference in character be-
tween positive and negative charges. It is probable that we
shall yet find in such facts as these the explanation of the natnre
of electrical conduction.

A very significant statement is made on page 39 of the pres-
ent paper, in connection with the sudden appearance of the blue
glow in the lamp. The same thing is frequently seen in Kont-
gen tubes. With a very high vacuum scarcely any current
passes. If the tube is heated, the vacuum is lowered graduall
until a critical point is reached. At this point a blue glow sug-
denly appears about the anode, and the resistance of the tube
very materially decreases, with an equal suddenness. At this
point the atmosphere seems to cease carrying the current by
moving electrical charges, and becomes, in a sense, a true con-
ductor.

Another interesting effect is, the larger the conducting plate
sealed into the bulb, the greater the flow of current. The sub-
ject is one of great practical importance. It clearly points out
the value of high exhaustion for lamps. That a lamp containing
an atmosphere of a heavy, non-conducting gas, such as bromine,
exhibits these effects but feeb]{, is also significant. High effi-
ciency lamps, even with excellent vacuum, ought not to be
pushed to a high filament temperature, or they become to a cer-
tain extent short-circuited. This indicates an unfortunate limit
to the increase of the efficiency of carbon filaments. 1t is prob-
able that though the “ Edison Effect” may be decreased, it can
never be who!{g avoided, sincé a carbon burned in the air will
exhibit the effect while it lasts. Lamps containing heavy non-
conducting gases in their bulbs, as Professor Anthony has shown,
do not blacken to any extent. The present paper shows how
small the “Edison Effect” is in them.
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OBITUARY.

Ezra CarrL Breitnaver (Associate Member June 6th, 1893;
Member, May 19th, 1896), fourth son of the late Louis Breithaupt,
was born in Berlin, Ontario, on February 19th, 1866, and there
he received his early education. He attended the Northwestern
College, at Naperville, Ill., and graduated from it in 1887. He
travelled for some time, and then went to Johns Hopkins Uni-
versity, at Baltimore, to take the course in electricity. In 1892
he graduated from Johns Hopkins with the degree of ¢ Electrical
Engineer,” and, on returning to Berlin, he became the Manager
of the Berlin Gas and Electric Company, which position he held
up to the time of his death.

"As consulting and electrical engineer, he had a general prac
tice in Ontario and Quebec, and as such he acted for the town of
Bracebridge on the installation of a large lighting plant. He
laid out and superintended the work of electrically equipping
the Berlin and Waterloo Street Railway, and later became its
president and manager. lle also acted as consulting engineer
for the town of Sherbrooke, Quebec, for the I’enetanguishene
and Midland Electrical Railway Company, and for various other
enterprises. :

He was a member of the Canadian Electrical Association since
its inception, and was a most active and valuable member of its
executive and statistics committees, of which latter he was chair-
man. In June last he was elected to the office of second vice-
president of the association. During his connection with the
association he prepared and presented to it several valuable
papers, and he also contributed papers to various electrical publi-
cations, principally dealing with Canadian developments in elec-
trical engineering.

He was a member of the Berlin Board of Trade and of the
Toronto Board of Trade, and at one time was president of the
former.

Mr. Breithaupt’s death, on January 27th, 1897, resulting from
injuries received at an explosion of an oil tank at the Berlin gas
works, is particularly sad, as it came at what was only the begin-
ning of a career of great promise. He leaves a large circle of
relatives and friends to whom his affability, his manliness and
his counscientiousness had endeared him.




THE AMERICAN INSTITUTE OF ELECTRICAL
ENGINEERS.

New York, March 24, 1897.

The 114th meeting of the InstiToTE Wwas held this date at 12
‘West 31st Street, and was called to order by President Duncan
at 8.30 p. M.

PresipENT Duncan:—The Secretary will announce the ticket
nominated by the Council at the meeting this afternoon.

TrE SeorETARY :—From the nomination returns received from
the membership, the Council has selected the following names
which will be printed on the ballots for the guidance of members
in their choice of candidates.

For President :
Francis B. Crockkr, of New York City.
For Vice-Presidents :
A. E. KexnnEeLLy, of Philadelphia, Pa.
Cuas. S. Braprey, of New York City.
Dugarp C. Jackson, of Madison, Wis.
For Managers :
ALEXANDER MacraRLANE, of South Bethlehem, Pa.
Gano 8. Dunn, of New York City.
W. F. C. Hasson, of San Francisco.
HerBerr Laws WEBs, of New York City.

For Treasurer :

GroreE A. Hamirron, of New York City.
For Secretary :

Racer W. Porg, of New York City.

The Council has decided to hold the General Meeting of the
InsTiTuTE 8t Greenacre-on-the-Piscataqua, Eliot, Maine, begin-
ning on July 26th. This place was the residence of the late
Moses G. Farmer, who was one of the charter members of the
InsTrruTE and made an Honorary Member October 21st, 1890.
He died at Chicago, May 25th, 1893, having been actively en-

d in the preparation of his personal exhibit for the World’s
%s The date selected will be the 50th auniversary of Prof.
56
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Farmer’s relinquishment of teaching and the taking up of elec-
trical work. Greenacre is beautifully situated on the east bank
of the l’iscataqua River, about ten miles beyond Portsmouth,
N. H,, and is reached in two hours from Boston.

The Annual Meeting for the election of officers, presentation
of yearly reports, etc., will be held at 12 West 31st Street, as
provide l’)g the Constitution, on Tuesday, May 18th, which is
the third Tuesday in the month.

The following Associate Members were elected at the meeting
of the Executive Committee in the afternoon :

Name. Address. Endorsed by.
BrcuTeL, ERNEsT J.  Superintendent, Power Plant, E. S. Reid.
Tolede Traction Co , W. E. Harrington.

Toledo, 0. R. W. Pope.

Forp, ARTHUR HiLLYER, Fellow in Electrical Engineering, J. E. Davies,
University of Wisconsin, Madison, D. C. Jackson.
Wis. S. B. Fortenbaugh.

HorLBrow, HERMAN L. With New York Telephone Co., S. B. Austin.
New York City, residence Ruther- H. F. Thurber.
ford, N. J. . . M. Petty.

w
KeLLy, WiLLian F.  Student in Expert Course, Fort F.S, Hunting.
Wayne Electric Corporation, Fort E. A. Barnes.
Wayne, Ind. A. L. Hadley.
Total 4.

Tue Presipent:—The paper to be read this evening is on
“The Influence of Heat Treatment Upon the Magnetic Prop-
erties of Steel and Iron,” by Dr. K. E. 8uthe. The paper will
be presented by Professor Carhart, whom we all know.

rofessor Carhart then read the following paper:



A paper presemnted at the 114th meeting of the
American Institute of Electrical Engineers,
New VYork, March aqth, 1897, President
Duncan in the Charr.

THE INFLUENCE OF HEAT TREATMENT UPON
THE MAGNETIC PROPERTIES OF
STEEL AND IRON.

BY DR. K. E. GUTHE.

Steel and iron, when heated to high temperatures, show a de-
cided change in their magnetic properties. The earlier investi-
gations' have shown, that in general the temporary induction in
iron and steel rods increases with increase of temperature. G.
Wiedemann® found that very hard steel rods show at 100° a
larger temporary magnetic moment than at 0°, soft rods a larger
magnetic moment at 0° than at 100° for the same magnetizing
force, after they had been repeatedly heated and cooled. Row-
land® showed that a rise of temperature causes an increase of
induction, if the magnetizing force is small, but a diminution
of induction if the magnetizing force is large. The same was
observed by J. Hopkinson,' who undertook a great number of
experiments in this line, especially in order to show the relation
between the critical temperature, at which iron ceases to he mag-
netic, and the recalescence, first discovered by Barrett. Accord-
ing to the former, recalescence occurs at the critical temperature.
Osmond, who distinguishes three points of. recalescence for goft
steel, places the critical temperature at the second point of re-
calescence. Tomlinson’s® and Kunz’s® experiments show also the
change in magnetic properties due to a rise of temperature.

1. Wiedemann’s ‘¢ Electricitwet,” 2d ed., III., p. 848-860.

2. G. Wiedemann.- Pogg. Ann. 122, 846, 1864,

8. Rowland. Phil. Mag. (4), 48, 321, 1874.

4. Hopkinson, PA{l. Tranas., 180 A, 442,1889. Proc. Roy. Soc., 48, 442, 1890.
5. Tomlinson. Phsl. Mag. (5), 25, 872, 1888.

6, Program Gymnasium zu Darmstadt, 1893.
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After steel has been heated beyond recalescence and is sud-
denly quenched in cold water, the mechanical hardening is
accompanied by a corresponding magnetic hardening, 2. e., the
permeability decreases and the hysteresis loss increases greatly.
This influence of hardening is well known, and was first thor-
oughly investigated by Ewing.! Very little is known about the in-
fluence of heat treatment on such hardened steel. Barus and Strou-
hal,? in an exhaustive paper, show the influence of tempering on
the retentivity of steel magnets, and are the originators of the
well-known method of seasoning magnets by subjecting them for
several hours to a temperature of 100°, which method has re-
cently been used very successfully by B. O. Pierce. Their
results, as far as they have a bearing on the present research, are,
(1) that the magnetic moment of a hardened steel magnet is
smaller after reheating to about 100° than it was before, and that
on heating to still higher temperatures it increases again; (2) that
the length of time during which the bars have been at the high
temperature is of some influence, especially for the lower tem-
peratures. The present work was undertaken with a view of
following the anmnealing process step by step, and obtaining the
relations between the magnetizing force, maximmum induction,
remanence and coercive force for each of these steps. The
results are also interesting from a theoretical point of view, since
they show a decided difference in the rate of change of the mag-
netic properties for the different temperatures.

Description of the Method.—The rings were all of the same
form, ¢. ¢, hoops with an average diameter of 12.6 cm. and a
thickness of only 8 mm. The diameters were measured by
vernier-calipers and the cross-section was found by dividing the
volume, which was determined by the loss of weight in water, by
the average circummference. New measurements were taken
every time after the rings had been subjected to a temperature .
higher than 600°. They were wound with bicycle tape, and on
this the primary coil. Before each experiment the insulation
was carefully tested. Rowland’s ballistic method was employed.
Instead of the usual way of finding the constant of the galvan-
ometer by means of an earth-coil, I charged and discharged a
standard condenser through the galvanometer (see Carhart and

1. Ewing. Phkil. Trans., 547, 1885, or Ewing, ** Magnetic Induction,” ete.,
p. 82.
2. «“U. S. Geological Survey,” No. 14, 1885.
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Patterson’s “ Electrical Measurements”). The equations used
will then be
dy C E'r 100
®="dn, 4
where
® = the increase in induction,
d, = the deflection due to the change of the magnetic flux
through one square centimetre of the ring,
C = the capacity of the standard condenser expressed in mi-
crofarads (= .2 microf.),
E = the E M. F. of the Carhart-Clark cell in volts,
r = the total resistance of the secondary circuit,
d, = the deflection obtained by the discharge of the condenser,
ny = the number of secondary turns around the ring, which
was equal to 30 in every case,
A = the cross-section of the ring,

and

_4mn
=0T I
where

3 = the magnetizing force,

ny = the number of primary turns on the ring,

I = the magnetizing current expressed in amperes,

L = the average circumference.

The deflection due to the discharge of the condenser was taken
on open circuit. This produces an error in the constant. An
independent experiment showed that the value obtained is 1.50
per cent. too large. In order to obtain the absolute values for ®
in the following tables, the data should be multiplied by .985.
In order to eliminate the error due to the creeping up of the
induction, the steps taken were as nearly as possible the same for
the same ring at different stages of the treatment. I believe the
total errors of observation to lie within .5 per cent. The experi-
ments at each step for each ring consisted in the determination
of the hysteresis curves for a number (8-10) of different mag-
netizing forces, the largest in every case being between 60 and 65.
In the final results I give the hysteresis curves for the largest
values of 3¢ only. The magnetizing curves were taken, but they
are not given under the following results, since, as Hopkinson
has shown, this curve for virgin steel differs appreciably from
oue taken with a ring previonsly magnetized. It was thought
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to be of more importance to represent the curves for ®, and ®,
as functions of the maximum magnetizing force. (See Fig. 4.).
Moreover, it was possible to show the influence of the reheating
upon Houston and Kennelly’s law,! <. e., that for small magnet-
izing forces the remanence (®,) is a linear function of the max-
imum induction (85). These two values, 8, and ®,, are plotted
on Fig. 5, and these curves are of great interest, showing the
range through which this law holds good in the different stages
of the heating procees, and what variations in the constants are
produced by the tempering.

Chemical Analysis.—the chemical analysis of the rings gave
the following results

Ring L. Ring II. Ring TIT. Ring IV.
Crescent Basic Very Soft Swedish
Steel. Steel. Steel. Iron.
Carbon ........... .868% .809¢ .0755% 144z
Silicon............ 234 025 .0155 .0824
Sulpbur.......... trace .059 .0645 .015
Phosphorus....... 0172 .148 124 018
Manganese, ....... .27 .18 .36 trace

For the chemical analysis and the heat treatment of the rings,
I am greatly indebted to Prof. E. D. Campbell, director of the
metallurgical laboratory, and his assistant, Mr. A. R. Miller. I
gladly express my deep obligations to them, especially to Profes-
sor Campbell, who devised and superintended every particular of
the complete heat treatment.

The rings were first heated in the original state and then sub-
jected to the heat treatment. The different steps taken are the
following : '

A. Rings in the original state.

B. Heated to about 670° and quenched.

C. Heated to a little over 900° and quenched.

The hardened rings were then tempered by reheating to the
temperatures indicated below, and then allowed to cool slowly.
D, 100° for one hour; = and ¥, 100° for 24 hours; ¢, 200°; =,
300°; 1, 450°; K, 800°; L (only for Rings 11. and m), about
950°,

Resurts.

In the following tables n, designates the number of primary turns,
¢ the deflection of the galvanometer, obtained by the discharge
of & capacity equal to .2 microfarad charged by a Carhart-Clark
standard cell, & the deflection of the galvanometer due to the
change of the lines of magnetic force in the ring, ® the calculated

1. Eleotrical World, 25, 681, 1895.
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value of the induction, J the current in the primary measured in
amperes, X the value of the magnetizing force.

It will be noticed that I give only the values of ® and 3¢ for
one side of the hysteresis curves. Since the same steps were
taken on the ascending and descending branch of the loep, the
values were generally identical, and are therefore not recorded in
the following tables, though the whole cycle was taken in the
actual experiments:

A. Bgerore HeaTiNg.

TABLE 1. TABLE II.
RiNG [ ; ; = 208: const. = 141.5; B=18.7 RING 11 ; #; = 2g2: const.=141.5; B = 22,2 |
Xd; JC =945 7. Xd; JC =9.39 /. :
d ® 7 JC a4 ® 7 Jc
- <7966 o ° - 4830 o [
48 7096 .270 2.55 112 5313 16 1.8
| 14 6807 .350 3.31 262 o 285 .y
47 5928 .538 5.09 137 —3041 398 3.7
64 4731 .708 6.67 101 5384 .538 z-o
18¢ 1290 940 8.89 79 ;gsr -705 .6
197 —2304 1.310 1T.44 73 58 94 8.8
192 5984 Ly - 16.07 57 9923 1.21 1.3
30 2. 19.76 66 11389 1.70 16.0
87 9387 2, 25.15 68 “398 2.70 2s.2
107 11257 3.86 36.50 4t 13808 3.90 36.2
63 X;fﬁ & 46.33 a8 14430 4.90 32'°
75 13838 -5 6x 46 29 15074 6.65 -4
47 12059 4.t 38.76 19 146532 4.8 45.0
23 11269 2.1 lg.;ﬁ 5 13653 2.2§ 21.3
10023 86 .13 I3 117 .70 6.6
110 o o 29 11123 49 4.6
139 8as8 ° °
TABLE III. TABLE 1V.
RING I11: m;= 304; const. = 141 §; (B=|6.3d; Ring LV; #, = 291 ¢ = 141.5; ®= 16.5 X d;
I =963x 1 JC =983x 7
d ® 7 3 4 ® A 3
- 568 o o — -}-6600 o
93 53 .16 1.54 155 4042 .08 .7
33 5542 .28 2.74 322 —13 .2 L.§
.36 3.47 235 4983 . s.zs
107 — ir 3.79 185 8036 410 3.
02 173 . 4.62 13 43 .58 g.a
134 357 .58 5.59 54 34 .73t -7
118 8 3 713 g:z 49 10643 .97 8.
108 93 X 35 11220 1.24 13.5
75 19?33 1.19 11.46 39 11864 1.78 16.4
77 12431 1.6 15.41 40 13534 2.78 25.7
2 13627 2.6 25.04 27 12969 .98 36.7
n 13960 3.3 30.82 4“ 13605 .60 60.9
49 14768 4.75 45.74
3 15389 6.7 64.52 34 13134 4.0 36.9
38 12507 2,11 lg.s
40 14633 3.75 36.1¢ 60 11517 9 .3
41 13953 2.00 19.26 59 10544 .5 46
49 13184 .1 10.59 20 10214 4 3.7
27 14714 .80 7.70 219 6600 o o
53 11866 -45 4.33
341 9568 o o
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TABLE X1V,
Ring 1. Ring 1, ' " Ring I, RixG 1V,
— l e —
G| B | 3 || ®a| ® ' 3 [[Ba| & | 3| B |® |3
671s | 3786 | 66.8 13268 | 8875 61.6 15529 | 8993 | 61.0 14639 | 4632 | 5.0
5193 | 2700 | §3.2 1173t | 8219 | 43. 14180 | 8821 | 44. 13510 | 4825 | 320
35 ug 44.3 || 1029r | 7300, 33. 13t 8648 | 34. 13696 | 4786 | 17.5
1990 4 3.9 7 5434 ' 2g-c' 11784 | 8313 | 24.0 8850 | 4584 | 7.04
927 114 xl.g 621 4212, 18.2 10343 | 7460 | 19.1 3;9 405, 452
389 23 8. 3818 | 24011 12.1 8292 | 6161 la.( 3 [ 314 2.36
207 3 s.0 1825 919 8.09 6029 | 4486 si 2470 { 1602 1.07
933 | 3061 5.97 | 4273 | 2974 | 6.2 1038 | 546 | .63
370 69! 3.49 1623 4.76
| 1238 6, 3.8
| 650 203 2.32
41 1.72
D. TemperaTUrRE FOorR ONE Hour at 100°.
TABLE XV, TABLE XVI.
RINGI; m, = 1055 c=147; B=17.9 X 4; RinG II; my =292;c = 119; B=26 75 X 4;
JC=968)(I. JC:q.rqxl.
d ® 1 1 Je < ® 7 3
- +3714 ° o - +8719 o
42 2952 985 953 45 7515 .83t 88
27 24 1.5 145 23 6900 .70; 3:
52 153 2.3 22.3 2 5509 .93! X
6s 374 3.06 29 6 1 gz: 1.414 13.00
86 —-1165 3.70 35.8 171 -—% 2.09 19.20
l&l’ 3689 4.66 5.1 99 528 2.66 24.44
1 6543 .5 9 135 10139 3.93 .12
58 11690 5.07 46.59
14 6292 5.66 54.8 57 13218 7.2 66.¢t7
86 4753 1.9 18.4
2s 4306 1.00 9.7 38 12197 418 38.2
15 4037 .St 49 56 10699 1.65 15.1
18 3735 ° ° 26 1000’ 8 7.63
20 94 43; 4.4
28 8719 °

TABLE XVIII.

RinG L1 ; #; = 300; ¢ 119: B=19.6 X a;

RNIG IV », = a75; c = 136; B=17.3X d;

Jc=9,53)<l. Jc=8.73XI.
d ®& | / a a4 ® 7 3
- 48507 ° o —_ 44921 o
67 7174 278 2.65 1325.5 2750 .08 .70
47 6253 .388 3.70 152, 12> 129 1.13
147 3372 <534 z o9 144. —2371 -200 178
195 — 430 -707 -7 . 4049 .27 8.42
155 3488 -940 8 93 gﬁ-s 5545 -3 3.39
183 7075 1.412 13.46 7 6713 -532 -64
127 9564 2.08 19.82 60, 811 708 .18
65 10838 2.63 25.0§ 6o. 938 8.19
87 12543 3.83 36 st 87. 10354 1.410 12.31
52 13562 4.92 46. 8o. 11738 2.10 18.33
66 14856 6.9 65.75 46. 12534 2.6 23.13
63. 13624 3. 33.87
59 1370t 4.08 38.88 3g 14212 5.00 .65
102 11702 1.66 15.50 38. 14869 7.01 1.20
3 10702 .93% 8.92
43 98s9 -492 4.69 48. 14038 4.1 35
69 8507 o o 129. 11806 1.67 T4
I 148. 9246 623 5.44
139. 6841 174 1.52
| 1I. 492t o
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TABLE XIX.
Ring L. Rixg 11, Ring I, Ring 1V,
B | B | H|[Bn| B | | Bu| B | I | By | ® | 3¢
6;43 3714 | 63.9 13215 | 8721 | 66.2 14857 | 8487 | 65.7 14868 | 4921 | 622
3813 | 1718 | 45.1 1.690 | 8078, 46.3 1257 8222 _363 12568 | 4904 | 23.3
2342 788 | 35.9 10339 7303 | 3s- 991 7174 | 19 10392 4794 | 12.38
1 403 | 292 7944 44 | 24.4 732 5939 | 13.34 || 7993 | 4429 6.17
1235 | 179 | 223 223 :z;o 19.2 ! 4371 .93 || s9st | 37¢3 [ 3.40
734 7| 47 s | 12.96 4253 3977 7.00 3720 2457 3.75
292 14 .56 xﬂg- 923 | 8 gﬂ 2675 | 1754 | S.04 || 2405 | 1557 | 1.08
134 9| 308 s89 | 1234 | 487 || 1315| 68| 3.65 (| 1263 737 .72
254 27 2.85 617 186 | 2.6s
G. TEMPERATURE AT 200°.
TABLE XX. TABLE XXI.
RING | ; %, = 2g2; c = 114 ; B= 23.1 X d; Rine 1
IC =927 X 1. :
a ® I Je ®Bn ®, 3
- +4662 o o 7834 4662 64.0
17.8 4258 -$15 4.78 5218 2665 454
s 4143 -68s 6.38 3211 120§ 3s.3
9 3935 -915 8 48 1655 339 34.0
20 3473 1.385 12.8 Qz 46 .44
3. 271 2.0§ I9. I J.S
32 1‘80 2.60 24.1 s
136 —1258 38 35.2
146 4637 49 454
139 7834 6.9 64.0
4“ 6820 4.00 37
495 $690 1 6o 4
26 5078 612 5.67
18 4663 o o

H. Temrerep at 300.°

TABLE XXII.

TABLE XXIIIL

RING I ; %) = 300; ¢ = 127; B=120.7 X d; RiNG II; #; = 300; ¢ = 139; B= 1247 X &;
IC=956X%X17 IC =944 X 7.
4 ® 7 k'] d ® 7 Jc
— T o o - o o
63 8 922 8.81 6o 7916 506 4.78
8 6738 1.408 13.38 87 7249 <670 6.32
5041 3.09 19,98 74 S4at 890 8.40
127 2412 2.64 25 24 164 1370 1.18% 11.13
275 —338) 3.14 30.02 242 —4 1.60 15.10
250 S5 3.79 36.2 127 w 1.99 18.79
134 11229 4.94 47.2 86 n.zg 23.5
97 13237 6.95 66.4 85 11968 3. 34.0
12450 8 S ‘: :3(1”5 3.62 3.2
4. 48- 4 4190 .
3: I:’QB 1.76 16. °
82 8931 o o 37 13276 3.8 385.9 .
72 11498 1.338 12.65
43 10436 .§50 5.19
] 9399 o o !
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TABLE XXIV. TABLE XXV,
RinG I11; m; = 295; ¢ = 129; B=18.1 X «; RING IV; m; = 300; ¢ = 128; B=18.4 X &;
JC =9.69 X 1. I=g.52 X 7.
d ® 7 JC d ® 7 3
|
— +-8g05 o o — <5640 ° o
8. 7858 .263 2.85 127, 3303 ©77 73
ig. 7258 .370 3.58 156. 433 120 1.14
3 6063 .505 3 153. —2382 192 1.83
a:z. 1990 .670 .49 101. 4240 .927 2.54
226. -—2101 890 8.62 90. .375 3.57
258. 6717 1.382 13.08 70, 7184 .510 86
| 161, 9631 2.00 19.4 61, 8306 674 .42
i 73. 10952 2.58 24.7 6a. 9447 897 8.54
92. 12635 3.72 36.0 87. 11048 1.358 129
! 56.5 13658 480 46.5 73. 12391 2.00 19.0
i 70.5 14934 6.78 6s.7 38. 13090 2.51 23.9
i 44.5 13909 3.6 343
9. 13866 3.92 38.0 23. 14332 4.6 438
125. 11603 1.34 13.0 27. 14839 6.3 6o.
. 72. 10300 .550 5.33
I 27. 8906 o o 32.5 14232 3.82 36.4
i 57. 13184 2.02 19.2
96. 114177 .02 97t
9. 9595 o 4.66
338 7553 -254 1.47
; 105. 5621 o o
i
i TABLE XXVI.
i RinG 1. Ring 11, Rixg LI RinG 1V,
| Be m,|sc as..|cB,|3c m,.,|oa,|3c B | ® | 3
| 132 8932 | 66.4 || 14190 | 9399 ( 60.6 || 14934 | B8gos | 6s.7 14830 | 5640 | Go.0
118 7628 | 465 || 12029 703 | 34.0 12679 | 8624 | 36.2 12402 | 613 | 19.0
9686 | 6552 | 35.6 8596 | 6595 | 18.9 9909 | 7475 | 19.4 8409 | so3: | €4
| | 7314 | 4398 | 20.25 || 6793 | 5064 | 18.x 7792 | 6036 '3" s161 | 3542 [ 2.8
: 3026 | 1610 | 24.85 3040 | 2680 | 1113 s190 | 3969 .65 stz | 1739 1.13
) 2186 | 1223 8.4 3310 zgﬂ 6.5
: 1548 69 | 4.9

I. TemPERrRED AT 450°.

TABLE XXVII. TABLE XXVIII.
RingI; m; = 300; ¢ = 137; B=120.7 X a; RING II; ;= 300; ¢ = 129; B= 251 X 4
JC = 9.56 X 7. JC=944x 1.
ad ® 4 3 ad ® 4 3
- ~+13198 ° o - <+11207 ° °
, 37 11431 .513 z 9 88 8998 .g; 4.81
15 11121 .676 “ 34 7643 673 6.35
' 26 10583 .00 8.6 163 3582 895 8.45
87 8782 1.368 13.3 130 289 1.011 9-53
8s 7022 1.62 15.5 145 —3381 1187 10.9
9! $056 18 17.2 133 1.352 u.g
93 3027 1. 8.z 173 11031 2.00 18.]
250 —a14, 2.00 191 57 124 2.54 24.0
211 651 2.17 20.7 [ 13993 3.65 34.46
123 9362 3.38 22.§ 3t 14771 -7 4437
24 11008 2. 25.6 3¢ 15624 .49 613
S 12359 3.22 30.8
69 137 4-48 428 28 14921 386 6.4
62 15065 7.00 66.9 48 13716 1.6 18.T
12812 754 7.12
69 13637 2.00 19.1 4 11206 o o
28 1311 to15 97
4.8 183 o o
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TABLE XXIX.

TABLE XXX.

RinG 111; w; = 300; ¢ = 127; B=18.4 X d; RING IV: #; = 300; ¢ = 126; B=18.7 X 4;
JC X 9.53 X 7. JC =9g.52 X 7.

d ® 7 JC d ® 7 Je

—_ o o - <6189 o [}

36 9228 136 1.3 139 3590 078 -74
na 7167 373 3.85 175 318 .120 1.14
220 3119 .51 4 178 —2054 190 1.8t
200 - 561 626 5.97 112 5049 262 2.49

60 1665 676 6.44 102 6956 +375 3.87
221 s73t 90 858 76 8377 570 | 543
222 9816 1.368 13.1 66 133 .67, ! 6.4t
12 T 2.03 19. 66 10845 893 8.33

3 1314 2.6 24. 79 12322 1.3§ 12.85

75 14526 3.8 36.2 46 13182 2.00 19.0

41 15280 4.88 46.5 19 13537 2.5¢ 24.2

42 16053 6.82 6s.0 25 14008 3 6o 38.

17 14323 6o 43.

38 15354 4.02 38.3 a3 14753 26 597

93 13643 L 15.44

61 12521 902 8.60 4z 13874 2.60 24.8

7 11 o4 4.37 4 13014 1.1§ 30,9
36 9397: ] » o 73 11649 649 6.!3
163 T 169 1.61
129 6189 o o
TABLE XXXI.
Ring 1. RinG 11, Ring I11, Ring IV,
B | B | X || B | B | K || Bu | B | 3 || Ba | B | s
15065 | 12198 | 66.9 15624 | 11307 | 61.3 16053 | 9890 | 65.0 14753 | 6189 58.7
12689 | 10536 | 3t.0 13855 | 10617 334 1454, 9743 | 362 10892 | 5975 .49
10208 | 8197 | 22.2 wro3xr | 8923 | 189 10962 844 15.6 7237 2 3.54
6231 4347 | 18.35 7932 | 6350 | 12.74 Qos2 | 7231 | 1r.25 2552 | 174 1.14
3167 1615 lg.s 4616 | 3. 9. 57 | 4996 7.8
932 186 .68 1852 | 1000 6.39 481z | 3670 | 6.00
803 276 | 4.8t 2668 | 1766 4.38
530 153 2.28

K. ANNEALED.

TABLE XXXII

TABLE XXXIII.

RinG I; #; = 300; ¢ = 197; B=21.5 X &; RiNG I1; #; = 300; c=127; B=125.5 X &;
IC =954 X 7. JCi=9.44 X 1.
d ® 7 3 d ® 1. JC
— +675; o ° — -|—ng38 ° °
11§ 427! . 4.77 99 313 190 1.79
77 2623 2‘6” 6.3 147 4365 .265 2.50
133 — 237 .88 8.4 250 — 1810 .370 3.49
i1t 4128 1.331 13.7 146 5533 +500 73
128 6880 2.00 19.1 94 7930 .660 .23
67 83ar 2.3: 24.0 7t.8 9753 878 8.29
95 10363 3. 34.5 74 11640 1.328 13.55
6o 1105 4.62 442 so 12918 2.00 18.
75 13 6.42 61.2 24 13527 2 50 n;.g
33 14369 3.60 34.0
45 12208 3.8¢ 36.3 20 14879 4.60 43.4
101 10127 l.zz 15.0 25 15520 6.30 $9.5
s2 x:o . .5
45 t -45 429 a7 14841 3.78 35.7
6o 6751 o o 42 13770 1.8 - 34.63
3t 12980 74! 703
22 1341 41 395
62 losgg o °
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TABLE XXXV.

Ring III; %, = 300; ¢ = 127; ®=188xd;: || Ring1V; ”y = 300; ¢ = 127: &=|9.oxl:
JC=9s52% 1. , JC=9s52% 1
d ® 7 3 a4 ® 7 3
8_ +lgl°5 o o - 46764 ° °
s 110 1.0§ 143 4047 055 .83
8¢ 69‘():; 170 1.62 223 - 17t .ogs iq
212 2042 .230 2.19 140 2831 116 1.10
;3: 272 .27 2.57 142 zi:o 182 1.73
= 4635 -371 3.53 69 o 238 .48
158 7605 E -81 54-5 zﬂg -365 3.47
2 9469 m .37 375 s .50 4
9 1€932 o 8. 28.g 9130 .66 6.98
82 13474 1.349 12. 35 g6os 876 8.
6 13527 2.10 20.0 29.5 10165 1.322 12,
28 14053 2.59 24.6 22 10583 1.95 18.6
38 14767 3.7 35.7 32 11191 3.55 ;i-ﬂ
a3 151 z ¢ 46.0 33.5 11828 6.10 .1
3t 187 .8 65.
44 10992 2.84 24.3
35 15124 3.99 38.0 27 104 1.2 12.19
53 14128 1.60 15.23 20.§ mo‘g B 7-
35 13470 .88s 8.43 a1 8694 .508 4.84
32 12868 .5%0 5.23 48 770 .200 léz
147 10104 o o 38 8os6 .09 R
68 6764 o o
TABLE XXXVI.
Ring 1. Rixng II. Ring I11. RinG IV,
B | B | B || B | B | 3 || Ba | B | 3 || Bu | B |
13266 { 6751 | 61.2 15520 | 10838 | 59.5 15782 | 10105 | 65.0 11828 | 6764 | s8.x
10428 | 6 36.3 13490 | 10277 23.6 14645 | 9926 | 35.8 1298 [ 6802 | 13.45.
8546 | § 24.0 10226 | 8237 .30 || 312446 | 0478 | 12.8 8854 | 6403 475,
5278 | 3795 | 12.8 7319 | § 472 || 9673 | 7830 | 6.38 || 6370 | 4931 | 1742
3064 | 2n8 | 8.48 || 5317 349 || 6514 | 5349 | 3.5 [| 4636 | 36r0 | 112
31866 | 1178 6.37 2754 1811 2.50 4033 | 3149 2.50 32 2508 .8s
537 193 [ 3.53 || 3033 | 446 | 179 || abx l:‘; 2.17 66s | 247 .83,
115 1.61
L. REe-aNNEALED.
TABLE XXXVII.
Ring 11, Ring 111,
®By ®, 3 ®Bn ®, 3
14813 7717 61.0 15517 9507 5:.0
13612 769t 359 13438 9299 8.2
10993 7374 16.25 10943 8259 8.08
8615 6085 8.69 8240 661y 4.59
7033 s161 614 6502 $907 3.36
3605 2543 3.21 3969 3005 2.59
936 405 1.89 2552 1843 8.0
1087 633 1.48
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TABLE 1a.
Ring 1.
®Bn ®, . 3
13847 7966 61.5
13313 7960 48 g
12180 7956 37.
10120 7104 26.3
7112 5293 16.2
3639 2481 10.2
1425 734 7.1

A. Rings in the original state.
The measurements of rings gave the following data:

Ring I, Ring IL Ring III. Ring IV.
Mean diameter..... 12.607 cm. 12.699 cm. 12.68 cm. 12.6067 cm.
Volume ........... 95.009 cm* 80 637 em® 100.29 em® 10799 cm?
Cross-section....... 2.401 cm? 2.021 cm? 2.764 cm? 2.737 om?

As I stated before, these measurements were repeated every
time after the rings had been subjected to a high temperature, so
after the following steps: B, 0, Kk and L. Each time a small de-
crease of the cross-section was observed.

In the original state, the hysteresis curves for only one max-
imum magnetizing field (3t) of about 60 were determined, except
for Ring 1, for which the value of J¢c was varied.

The hysteresis curves show strongly the influence of carbon,
the area of the loops diminishing with the decreasing percentage
of carbon. The mild steel shows, indeed, a curve very similar
to that of wrought iron. The maximum induction, taking the
rings in the order 1, 11, 11, has the values: 13840, 15070, 15290
lines of magnetic force, while the magnetizing force was very
nearly the same in all cases. The corresponding coercive forces
are 8.6, 2.7 and 3.6.

B. Rings heated to 675° and quenched.—The rings were
then introduced into furnaces, which were well heated before-
bhand. On the bottom of the muffles was put a sheet of asbestos
and over this two strips of the same material, on which the ring
was placed. In order to prevent oxidation as much as possible,
charcoal was put in the opening of the muffle. The heating to a
dull cherry-red took about eight minutes. Then the ring was
withdrawn quickly and quenched in water at 5° C.

Ring 1 has become magnetically harder, <. e., the maximum
induction for the same magnetizing field has decreased, the per-
meability, especially for low fields, is smaller, and the coercive
force increased to more than twice its original value.
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The iron ring shows an increase in permeability, which may
be explained by a previous mechanical hardening, when it was
turned to its proper shape.

In rings 11 and 1 there is no sign of magnetic hardening,
the principal influence of this treatment heing the remarkable
drop of the remanence, while the maximum induction remained
almost unchanged. The permeability, on the other hand, de-
creased a little. This sudden and unexpected drop in retentivity
will again be met later on and discussed there more fully.

It is apparent that we have not passed the temperature at
which low carbon steel is hardened. It is well known that the
second and third point of recalescence for low carbon steel lie at
a higher temperature than the corresponding point in the high
carbon steel, which apparently had already been passed in the case
of the high carbon steel. It is, therefore, probable, though I do
not consider this experiment as an absolute proof, that the mag-
netic hardening takes place when steel is quenched after it has
been heated to the samme temperature at which recalescence oecurs,
%. e., the critical temperature, at which, according to Hopkinson
and others, iron loses its magnetic properties.

c. Rings heated to a little above 900° and quenched in ice
water of 5°.—The heat treatment was the same as in B, but the
temperature was raised beyond the third point of recalescenee of
the low carbon rings.

All the steel rings show the hardening effect, the same being
the smaller the less carbon the steel contained.

The high carbon ring (1) shows a decided increase in the hys-
teresis loss, which is much greater than the increase due to the
first heating. While the first time the temperature was raised
only a little beyond the point of recalescence, it was this time at
least 250° higher. We draw there¢from the important conclu-
sion that steel becomes magnetically the harder, the more the tem-
perature 18 raised beyond the recalescent pownt. The passing
of this point by only a few degrees is not sufficient for the max-
imum effect.

The hysteresis curves for the steel rings are given on Figs.
1-3, the maximum induction (®,) and remanence (®,) as a func-
tion of the magnetizing force on Fig. 4, and ®, as a function of
®,, on Fig. 5.

p. Rings reheated to 100° for one hour.—The corresponding
curves are marked by crosses on the plates and are drawn only
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for the low carbon rings, the change being very small for the
high carbon steel. The influence of this step becomes more
apparent the less carbon the steel contains, and ¢ consists in a
lowering of B, as well as ®, in Rings 11. and mr., and in a slight
raising of the same quantities in Ring 1. The coercive force in
n1. has become slightly larger. 7%e low carbon stesl becomes,
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therefore, magnetically harder when it is reheated to 100°. This
result is consistent with the observations of Barus and others '
mentioned above.

E. and ¥. Rings were heated to 100° for 24 howrs.—The heat
treatment was the same as in the preceding case, except that the
time of the heating was increased. I do not give the results,
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since no decided change takes place. The curves almost coincide
with the preceding ones, though there is an unmistakable increase
of permeability, especially for small magnetizing fields, this
change being largest for the high carbon steel. We have, there-
fore, a more or less pronounced influence of the time during
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which the rings were subjected to this temperature, consisting
in a slight increase of permeability.

6. I2ings reheated to 200°.—Apparatus for the heat treatment:
On the top of the heating table were' placed two strips of asbes-
tos, on 'this a disk of the same material with a round hole in the
middle, then a layer of iron turnings and on this the ring. The




1897.] OF STKKEIL. AND IRON. 73

whole was surrounded with an asbestos ring, which was filled
with iron turnings, so that the ring was entirely imbedded in the
same. The temperature was read by means of a thermometer,
which was placed so as to touch the ring inside. By the arrange-
ment described, nniform distribution of heat from the centre was
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procured. As soon as the temperature rose to 200° the ring was
withdrawn and allowed to cool in the air.
I give the results for Ring 1. only, the others showing a very

small increase in magnetic induction.
We will see from the comparison with the data given later on
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that the increase of induction is comparatively small in all rings.
H. Rings reheated to 300°.—The heat treatment was prac-
tically the same as in a. .
All rings show a decided increase in permeability, the change
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being the smaller the less carbon the steel contains. The curve
for Ring 111, indeed, coincides so nearly with that of the hardened
ring that the points corresponding to this step could be indicated
only by dots in the plates. The wrought iron ring, that so far
showed no sign of a change, has a larger permeability for small
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fields than it had before. By comparing the curves on Fig. 4,
we see a decided tendency towards an increase of the remanence
for any given value of maximum induction. This will become
more and more decided as we increase the temperature to which
the rings are reheated.
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The most important and rather wnexpected result of this step
18 the sudden very large increase in the maximum induction of
Ring 1. The number of lines of magnetic force has almost
reached the value the ring had before it was heated at all.
Therefore, whatever change in the chemical or physical consti-
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tution of the ring produces the change in the magnetic proper-
ties, it is largest for the high carbon ring between 200° and 300°,
1. ¢., at a temperature which corresponds to that of the blue tem-
per of steel.

1. Heated to 450°.—Heat treatment was practically the same
as in a.

‘We observe a further increase of permeability and induction for
all rings. The change for Ring 1. is only about one-third of the
one in the preceding case, while we have a comparatively large
change for Rings 11. and 111., corresponding to the large difference
in ®, of Ring1., observed before, and to be attributed to the same
causes.

It is to be noticed that, though the magnetic flux has prac-
tically reached its maximum for the field strength used, the value
of the coercive force is still quite large in comparison with the
corresponding value for the rings in the original state. The
remanence for Ring 1. is larger after this step than in any other.
The substance is Crescent steel, z. e., magnet steel. It is ap-
parent that, in order to make strong magnets, it will be ad-
visable to reheat the quenched steel to about 450°. The magnets
could be made more than twice as strong as if simply the hard-
ened steel is used. Though I worked with closed magnetic cir-
cuits, the influence of the ends of the magnets will be the same
in the two cases. It is of importance that the coercive force did
not decrease nearly as fast as the remanence increased. Another
factor in the making of magnets is their permanency. I men-
tioned the usual method of making permanent magnets in the
introduction, and think that a similar treatment, by extending
the range of temperature to 450°, will ensure permanency and
produce stronger magnets.

K. Rings annealed.—The rings were again placed in mufiles
and heated to a bright red heat, the arrangement being the same
as in B and ¢. After the temperature of about 850° was reached,
the fire was banked and the rings allowed to cool inside the
muffles. Charcoal was put in the mouth of the muffles. This
treatment took about 24 hours.

The rings have become magnetically soft. While in the Rings
1. and 111 the saturation point was practically the same as before,
the coercive force decreased to its smallest value, this last step
being the largest in the whole series for the coercive force.

In the high carbon steel and the wrought iron, we find a re-
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markable decrease in ®,,, accompanied in Ring 1. by a still greater
decrease of ®,, while in the iron ®, increases with respect to
®,. These changes can very plainly be observed on Fig. 5,
where ®, is plotted as a function of ®,. The curve obtained
for Ring 1. differs entirely from any of the curves taken after the
ring was hardened, but it shows a great similarity to curve a
taken in the original state.

Hoping to obtain similar curves for the other two steel rings
they were again annealed, the temperature this time being raised
to nearly 1000°. Cooling took place in the same way as before.

L. Reannealed.

Both rings show the decided decrease of &, and the different
character of the curve. The one for Ring . is indicated by dots
only, and coincides partly with curve 1. In both cases there is a
great similarity with the curves B, obtained by heating the origi-
nally annealed steel to a high temperature below the point of re-
calescence and suddenly quenching. It almost seems that the
steel by this process has become a different snbstance. These
curves show more the characteristics of the iron (see ring 1v. on
Fig. 5) than of steel. Houston and Kennelly’s law does not
hold for nearly as wide a range as before. I believe that the
effect observed in the last step is not an immediate effect of an-
nealing, but that it is the conditions under which cooling takes
place, that influence largely the retentivity of steel.

Steel heated to a high temperature below the point of recalescence
and suddenly quenched as in B, will very easily lose its magnet—
tem. This seems to me of practical importance. The maximum
induction being the same, and the remanencea great deal smaller
than in the ordinary state, it is apparent that the hysteresis loss will
be much smaller, and therefore very mild steel, as our Ring m.,
treated in the way indicated above, is preferable to the ordinary
mild steel used in transformers or other instruments, in which
cyclic processes take place, if the induction is carried to high values.

Since the hysteresis loss has been found to increase appreciably
in transformers after they have been used for some time, it is of
great importance to investigate whether a similar effect takes
place in steel treated in the manner suggested. A series of such
experiments would be very valuable from a practical point of view.

In 1890, Osmond (Phil. Mag. 29, 511, 1890) advanced a theory
according to which a bar of steel consists of an intimate mixture
of a iron (magnetic) and 8 iron (unmagnetic). He considers the
B modification as forming in a steel a porous framework, the ratio
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between the amount of a iron and g iron not changing under the
influence of currents and of magnets. ‘In the presence of the
rigid network of 8 iron the polarized a particles are conceived as
catching in the pores of the 3 structure and immovable in this
position, thus resulting in a permanent magnet.” Moreover, he
supposes the temporary induction and the remanence to be a

function of the ratio —, where m is the percentage of « iron, and

7 the percentage of 2 iron in the steel. Let mp and np (Fig. 6)
represent the corresponding values; then the maxinum induction
is proportioral to mp, the residual to m». Further suppose, that
v a  the fraction of the maxinum in-
n duction forming the remanence
(7) is proportional to the amount
8 of 8 iron (n); he then derives
the formula

m? <
« r=K(m—m)=K(w— TO_G)
P Consequently the remanence is
represented by a parabola starting
from O upward and meeting the
o m X X axis at a point corresponding
Fie. 6. to 100% a iron.

Suppose this theory to be correct, then by a change of 3 iron
to a iron the difference between the maximum induction and the
remanence increases. My experiments show that this does not
take place by reheating the hardened steel. (Compare results
represented on Figs. 4 and 5.) OUn the contrary, the difference
becomes smaller. We cannot assume a transformation of a iron
to B irom, since the permeability increases decidedly on reheat-
ing. - On the other hand, the sudden drop of the remanence
observed before the point of recalescence is reached, would cor-
respond very well to Osmond’s theory, if we suppose a trans-
formation of 3 to @ iron has taken place.

I believe that we have also to take the influence of the carbon
compounds into account, which has not been done by Osmond.
Let us assume that the reheating has such an influence on the
iron in the iron ring and on the carbon compounds as to decrease
the relative distance (Fig. 6) between the maximum induction and
the remanence, and that the rate of this change decreases, the
higher the temperature to which the rings are reheated. Probably

r
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the process producing this change, whatever its cause may be, is
completed at high temperatures. If besides this there is any other
influence present producing a relative drop of the remanence as
should be expected from Usmond’s theory, when not « iron changes
to a iron, this latter effect is masked at the beginning by the effect
mentioned first, but it becomes more apparent the higher the
temperature and the smaller the change connected with the rela-
tive increase of the remanence.  Finally at still higher tempera-
tures only the influence of the transformation of non-magnetic
iron to magnetic iron remains, the other process being practically
completed.

Figs. 4 and 5 show that, while in the iron ring in which there
is no B iron, only the first influence can be observed, we have
both effects in the steel rings; here the second influence does
not appear, until we have almost reached the point of recalescence,
and it is the more prominent, the harder the steel or (with
Osmond) the more non-magnetic iron the steel contains.

The results of this research may be summarized as follows :

1. The point at which steel becomes magnetically hardened
by quenching, lies at different temperatures, according to the
amount of carbon contained. It is considerably lower in high
carbon steel than in low carbon steel, and corresponds closely
to the different temperatures at which recalescence occurs.

2. The higher above the point of recalescence steel is heated
before being quenched, the harder it is magnetically.

3. The magnetic hardening produced by quenching is the
larger, the higher the percentage of carbon.

4. Reheating has in general a softening effect upon the mag-
netic properties of hardened steel, 7. ¢., the permeability in-
creases, and is accompanied by an increase of maximum induc-
tion and a decrease of the coercive force. But a hardening is
noticeable in the low carbon steel after it has been reheated for a
short time to 100°. The greatest change in the maximum indue-
tion takes place for high carbon steel between 200° and 300°, for
low carbon steel between 300° and 450°, beyond which tempera-
ture there is hardly any change in the practical limit of satura-
tion. All change taking place in reheating beyond 450° consists
in an increase of permeability for small magnetizing forces, <. e.,
a decrease in the coercive force or hysteresis loss.

5. To produce strong magnets, the hardened steel should first
be reheated to 450°.
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6. Heating to a high temperature below the point of recales-
cence and sudden quenching, produces a steel with a very weak
retentivity if the value of the magnetizing force has been large;
in consequence of which the hysteresis loss in a cycle is greatly
decreased. This result may also be obtained, though in a lesser
degree, by annealing at a very high temperature.

I am greatly indebted to Mr. L. F. Morehouse, one of my
students, for the valuable assistance rendered me in most of the
experiments.

Physical Laboratory of the University of Michigan.
March 18th, 1897.

Discussion.

Pror. HeNrY S. Caruarr:—The Bearing of this Investiga-
tion on the Theory of the Constitution of Steel. The chemical
compogsition of the steel and iron, whose magnetic: properties Dr.
Guthe has investigated, has been carefully determined. This was
done because one of the chief objects in view was the bearing of
the magnetic properties of steel and iron on the theory of their
composition. The theory of steel has been studied by means of
chemical analysis, by its microstructure and by its mechanical
and magnetic properties. Dr. Guthe’s paper connects the first
method and the last two.

The old carbon theory of the bardening properties of steel and
its corresponding changes in magnetic properties, has been
strongly opposed by the most recent allotropic theory, of which
Osmond, of Paris, and Roberts-Austen, of London, are perhaps
the most conspicuous supporters. This theory appears to be based
on the known chemical end structural changes which the carbon
undergoes when the metal is raised to high temperatures, and on
the recalescence or retardation points of iron.

Osmond distinguishes three allotropic forms of iron, which he
calls a iron, 8 iron, and y iron respectively. For the present
g‘urpose we need to distinguish between the a and 8 forms only.

he a iron is magnetic, the 3 form non-magnetic.

The first point of recalescence, or of the retardation which
iron exhibits either in the process of heating or of cooling, is
from 640° to 690° C. Below this temperature, annealed low car-
bon iron consists almost entirely of a iron. The point of retarda-
tion of the temperature on cooling is about 30° lower than on
heating, or the iron exhibits another characteristic form of hys-
teresis. Iron containing more than about 0.5 per cent. of carbon
has only this first point of retardation. It is denoted by A4,.

The second retardation point in low carbon iron, called A4,,
occurs at temperatures between 700° and 750° C. Iron having
less than 0.5 per cent. carbon and more than 0.25 g]er cent. ex-
hibits this second point of retardation in addition to the first.
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The third point, denoted by A,, lies between 800° and 850° C.
Iron containing less than 0.25 per cent. of carbon has all three
points of retardation in heating and in cooling slowly.

‘When carbon is present in sufficient amount, it has the power
of lowering the temperature of both upper points of retardation
to that of the first, so that high carbon iron exhibits only the one

int.
poAt these points of retardation, iron changes its allotropic form
and these cl;:)an are accompanied by changes in the chemical
composition of the carbide of iron and its distribution or diffusion
through the mass of the iron. Such allotropic changes correspond
to a critical change of energy. The passage of iron from one
allotropic form to another is attended with evolution or absorp-
tion of heat. Professor Roberts-Austen defines allotropy as fol-
lows: ‘ Allotropy is a change of internal energy in an element
at a critical temperature, unaccompanied by a change of state.”
When iron is heated to the point A4,, the heating is temporarily
arrested with more or less suddenness, and heat is absorbed. On
lowering the temperature, the cooling is arrested at a sensibly
lower temperature, and heat is evolved.

During these allotropic changes on heating, energy is ab-
sorbed at the critical points, as the metal passes from a more
stable to a less stable condition. When it cools slowly, the stored
energy is given up again at the corresponding points of retarda-
tion on the curve of cooling, as the iron reverts to its more stable
form. But when steel is suddenly cooled by quenching, Osmond
and Howe have shown that there is no point 4 ; or, in other words,
the iron exhibits no retardation, and retains the energy absorbed
at the retardation points on the curve of heating. It is then
assumed that other properties above the critical range of tem-
perature are retained along with the absorbed energy. In general,
the heat of combination of quenched steel is appreciably hr%;ar
than that of the same steel which has not been hardened by
quenching. Some anomalies in this branch of the subject, how-
ever, await a satisfactory explanation.

Sauveur has recently shown by microscopic examination, that
a marked structural change in steel accompanies the allotropie
change at each critical point. These “ changes of structure,” he
says, *‘ correspond exactly with the retardations, beginning and
ending with them.” Within ranges of temperature not contain-
ing any critical point, there is no change in the microstructural
composition of steel. It is, therefore, not unreasonable to con-
clude that the emergy changes which occur at the retardation

ints are due to the structural changes themselves. This view
is supported by the fact that soft iron ceases to be magnetic, ac-
cording to Tomlinson, at 950° C., the highest retardation point
on heating ; low carbon steel at 750° C., the second critical point;
and high carbon steel at 650° C., the lowest critical point.

Analogous cases of energy change, accompanying a change in
physical state, are that of ice absorbing energy when it passes into
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a liquid, and sodium sulphate, for example, evolving heat when
itlpasses saddenly from a saturated solution into a mass of crys-
tals.

It remains to be determined whether these critical changes in
iron are physically or chemically allotropic, or perhaps both; for
if the word compound be used instead of element in the defini-
tion of allotropy, it will then include cases of isomerism.

The allotropic theory is founded on these energy chan
which carburized iron undergoes when it is heated or cooled ; it
considers carburized iron as an alloy, and this alloy may be dis-
solved in the pure iron or ferrite. “The presence of 0.9 per
cent. carbon marks a saturation-point of iron by carbon.” It is
also a fundamental hypothesis in the allotropic theory, that car-
bon hinders the change of non-magnetic ,g iron back to the
magnetic a form, even during slow cooling. When the hot iron
is suddenly quenched, the iron remains largely in the 3 form, if
much carbon is present.

Since a iron is magnetizable, temporary magnetism consists in
the setting of the magnetic axis of the a particles more or less
completely in the direction of the axis of magnetization. In-so-
far s the particles retain this polar arrangement, the magnetism
is permanent. Now the inert /3 iron is supposed to act as a viscid
matrix encasing the magnetic particles. It therefore renders it
more difficult of magnetization, and for the same reason restrains
the a iron particles from returning to their unmagnetized rela-
tions to one another. Hence temporary magnetism increases as
the relative quantity of « iron increases, while the relative valne
of the remanence increases with the 3 iron.

Since carbon is assumed to check the conversion of 8 iron in
cooling to « iron, high carbon iron when hardened is more diffi-
cult to magnetize ; but on the other hand, when it is once magne-
tized, it retains it magnetism with greater tenacity than low
carbon iron does. In a mixture of a iron and non-a iron, the
latter entangles the other and acts as a passive obstacle to the
magnetization of iron ; it also helps to retain it when once mag-
netized. Hence the presence of non-magnetic iron is offered as
a sufficient explanation of remanence.

In support of the theory that iron undergoes allotropic cha
it may be mentioned that iron entirely free from carbon, exhibits
the two upper retardation phenomena. The change associated
with them is therefore a physical or allotropic one, and is not
dependent on carbon. (n the contrary, the lowest point of re-
tardation is identified with a change in the carbon; and within
limits, the retardation is more pronounced ae the percentage of
carbon increases. .

Again, Beetz found that when pure iron was deposited electro-
lytically in a thin line on silver parallel to an intense magnetic
field, it was permanently magnetized and no more magnetism
could be induced in it. ly;lere carbon plays no part in the mag-
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netic phenomena, and besides it is difficult to see how any of the
theoretical non-a iron can be present.

Manganese steel presents difficulties for the allotropists. Ae-
cording to the allotrogic theory, this steel is hard and non-
magnetic on account of the preponderance of 8 iren. But it is
quite possible to give to manganese steel, mnagnetic properties
without diminishing its hardness. Hence it furnishes no proof
of the presence of 5 iron.

Further, an alloy containing 25 per cent. of nickel exhibits
remarkable properties. Dr. J. Hopkinson has shown that this
alloy is magnetic or non-magnetic, according to the heat treat-
ment it receives. In the non-magnetic form it should therefore
be hard, and should contain a very large proportion of iron in the
B form. But it is equally soft and can be readily machined in
either condition. How then can the allotropic theory explain
why manganese steel may become magnetic without losing its
hardness, and nickel steel become non-maguetic without losing
its softness{'

Dr. Guthe has demonstrated that high carbon steel must be
heated to a temperature above the lowest retardation point before’
it is hardened to anl considerable extent by quenching, and be-
fore it exhibits marked retentivity. The lowest retardation is
thus identified with the change in the magnetic properties of
steel produced by quenching and hardening.

He has also shown that the remanence is proportionately larger,
the higher the steel is heated above the lowest point of retarda-
tion. Sudden cooling above A, is necessary to enable the iron
to retain its magnetism. If it is quenched near A4,, much of the
iron may cool below A, before it is really chilled. To secure
more thorough chilling, it must be quenched from a higher tem-

rature. In terms of the allotropic theory more of the j iron
18 retained in that form if the temperature is high enough to
secure chilling before the iron fails to the point 4,.

With low carbon iron, heating to about 650° and quenchin
actually reduces the remanence and the coercive force some 2
per cent, as shown by Ring ;i Ring 1. shows that tempering
increases not only &, but &, as well. Further, the same ring
has both ®, and ®, reduced by annealing. It is difficult to see
in what way the allotropic theory can account for these results.

In contrast with Ringe 1., Rings 1. and 1v. show on annealing
an increase in the value of the remanence as compared with ®,,.

Apgain Fig. 4 shows that the remanence, as a function of
3¢, increases as the process of anmealing is carried farther and
to higher temperatures. It is diflicult to reconcile this fact with
the allotropic theory, especially with soft iron rings where the
proportion of non-« iron to a iron must be small. '

1f the allotropic theory is correct, then a transformation of 8

1. Trans. Amer, Inst, Mining Engineers, R. A. Hadfleld.
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iron to a iron must be accompanied by a decrease in the rema-
nence or residual magnetism, as compared with the maximuom
induction. This is apparent from an mspection of the diagram
in Osmond’s theory. Now in the process of annealing 8 iron
reverts to a iron. It will be seen, however, that while in Rin,

1. and 11. of highest carbon, the ratio of ®,to ®, decreases as the
annealing progresses, the reverse is true with Rings 1m. and 1v.
In the step B, however, there is a reduction in the remanence as
compared with the maximum induction.

In high carbon steel non-a iron is supposed te revert to a iron
at the temperature of the first point of retardation. But Dr.
Guthe shows that such steel exhibits a large increase in perme-
ability when it is heated to a temperaturec between 200° and
300° C. This temperature is much below 4,. Does then non-
magnetic iron revert to magnetic iron at this comparatively low
temperature? If so, what connection has this magnetic change
with the allotropic changes on which the theory is supported ¢

All existing physical theories of magnetism now. recognize
.that the particles of iron are always magnets. Ewing’s beautiful
theory and the experiments supporting it are in harmony with
the physical phenomena. There is no place in this apparently
for non-magnetic iron, and none for the easy passage of iron from
the magnetic to the non-magnetic state or the reverse.

Osmond admits that magnetic phenomena come with difficulty
into line with the allotropic theory. It is pertinent to raise the
inquiry whether some of the facts brought out in Dr. Guthe’s
paper are not irreconcilable with this theory.

R. Pavr A. N. Winanp :—I would like to remark that the
temperature at which the bar has been heated above the critical
point, has something to do with the snddenness with which the
various parts of the cross-section will cool down past that critical
point ; because, if we are just above the point to start with, the
particles nearer the centre will cool rather slowly at first. They
will gradually take a faster rate of cooling, but by the time the
rate of cooling has become sufliciently rapid, the temperature of
these points has dropped below the critical degree and they fail
to become magnetically hard. But if we are pretty well above
the critical degree to start with, the whole cross-section will pass

retty suddenly through that degree; and it is perhaps not the
act that the steel was heated at a high temperature, but simply the
special circumstance that it was cooled more quickly past the critical
deﬂ-ee, which accounts for the difference mentioned in the paper.

y friend Billberg and myself once tried to magnetize bar-
magnets by quenching them while they were subjected to the
magnetizing force, in order to see whether we could get any
better magnets, and there seemed to be a slight difference in
favor of this course. We made the measurements only roughly,
becanse we wanted to see if there would be any important gain.
The gain did not seem to be sufficient to warrant for the trouble,
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so we did not try any further in this direction. It may be, how-
ever, that some results could be obtained by careful measure-
ments that would throw some light on the subject generally.

Perhaps it would be necessary to employ a very high magnetiz-
ing force at the high temperature, as the steel is hardly magnetic
at those temperatures. e did not employ a magnetizing force
any greater t%:m what seemed to be amply sufficient to magnetize
the cold bars to the highest point attainable.

Mention was made by Prof. Carhart of the behavior of a thin
filn of electrolytically deposited iron which showed permanent
magnetism if deposited in a strong field. At high temperatures
the material might behave in a similar manner, provided the
field be strong enough :

Tae CrireMAN [ Vice-President l’upiné :—I may say that the
paper is so exhaustive that it is very difficult for any member
present to make up his mind in the course of one evening as to
the correlation of facts disclosed in this investigation. There is
perhaps no phenomenon that is so complex as the magnetization
of iron. I remember that Helmoltz in his lectures at Berlin
when | was a student there, whenever he came to discuss the
behavior of permanent magnets in a varying electromagnetic field,
used to stop and make a very long %;uae and then finally, at the
end of the pause, he would say : “ When we come to permanent
magnets, then 1 don’t know whether this equation holds true or
not.” It was a sort of stumbling block in his analysis of the
forces which come into play in a varying electromagnetic field.
I could not help thinking that in the phenomena which Prof.
Carhart described to us, the molecular forces have a great deal to
do with the behavior of magnetized iron. Wherever we have a
close connection between the changes in the temperature of a
substance and the forces the seat of which is in the substance, we
may be pretty sure that these forces depend on the molecular
state of the substance; because, according to our view of tem-
perature, it is something which depends on the molecular and not on
the atomic state of the substance. There is no doubt that these
sudden changes in the behavior of the retentive force and the coer-
cive force are caused by a sudden change in the molecular structure.
But how close this relation is, it is very difficult to tell. I am
rather in favor of the view that these sudden changes in the re-
tentive and coercive force and permeability, are accompanied by
an allotroric change in the structure of the substance. Of course,
that is only a matter of feeling ; and, as I said before, the number
of facts brought out by this investigation is so large, that it is very
difficult to co-ordinate them and form a consistent physical theory
in the course of one evening. We have to be guided more by
feeling than by rvasoning. 1 don’t know but that such perhaps
is the course which we have to pursue in the study of the magnetic
literature in general. Take, for instance, Ewing’s book and read
it; when yon get through it you say, “I have got to read it again.”
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You read it again, and after reading it the second time you have
very probably changed your first view, and so the third or fourth
time—every time you read it you seem to change your opinion.
Lay the book aside, and after abeut four or five or six months, you
feel that your whole knowledge of the facts disclosed in the book
is retained in your heart and not in your mind. 1t becomes a mat-
ter of feeling, and not of pure reasoning, and that is the surest
sign that the correlation of facts is in a surt of nebulous state,
and I think that being in a nebulous state as it is, it is the more
interesting. Because when a part of a science is perfectly elab-
orated and worked out so that there seems but little lefZ to be
done, then it is like a garden laid out by a landscape gardener—
one likes better to walk in a place where there is something to
improve. The investigation described before us this evening
invites us into a field which is a very promising one and a ver
interesting one, although some people seem to think that there is
nothing less interesting than a permanent msfnet, because a
permanent magnet is permanent, and that is all that there is to
it. But that is not so, use there is more difference between
one permanent magnet and another than there is between any
other two things of the same kind. We may congratulate our-
selves that the subject has been taken up by so competent hands
as those of Professor Carhart and his associates, and I am eure
that it is going to remain in good hands and give us much needed
information.

Me. Nerson W. P’rrry:—I think we are greatly indebted to
Dr. Guthe for his paper—probably a little too deep for most of
us to discuss off-hand. We are also greatly indebted to Professor
Carhart for presenting it in such an admirable manner, and I
move that a vote of thanks be tendered to Dr. Guthe for his
paper and to Professor Carhart for his kindness in presenting it
and for his own remarks upon the subject.

[The motion was carried. Adjourned.]

[CommunicaTED A¥TER ADJOURNMENT BY PPoF. ELinu THOMSON. ]

The valuable paper of Dr. Guthe calls attention to the need of
accurate knowledge concerning the behavior of steel as a magne-
tic medium when it has been treated by heating, quenching,
cooling and annealing or tempering. Incidentally some of the
considerations are shown to apply to those varieties of iron con-
taining such low amounts of carbon as not properly to be called
steel, except in relation to the process used in making them. The
subject is one of great practical importance and it is only by
such experimental data as the paper furnishes that we can ad-
vance. :

Nearly ten years ago my attention was strengly drawn to the
problem of producing permanent magnets for magnetic dampers
of meters. There was but little information to be had on the
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subject, either as to the nature of the steel to be used for the best
results, or the methods of treatment, hardening, tempering, or
the like to be employed.

This led to the carrying on through several years of thousands
of experiments, and the (i;eve]opment of methods of rapid meas-
urement of the flux between the poles of the maguets, as well as
methods of heating, forming, hardening, tempering, seasoning
and testing for permanence. Very many analyses of different
steels were aleo made, with the object of discovering the effect of
the differing proportions of carbon, tungsten, silicon, ete. I
notice that Dr. Guthe has not included a ring of tungsten steel
now almost universally used for magnets, among those subjected
to test. In our work we soon found that no steels without
tungsten gave such relatively high induction together with other
desirable qualities, as steel containing two to three per cent. of
tungsten. Amounts up to four or five per cent. of tungsten

ve no advantage, while with less than about two per cent. the
induction fell off and the metal approached ordinary steels in
magnetic qualities. ‘

t was found that the treatment recommended by Barus and
Strouhal for seasoning, and referred to by Dr. Guthe, was not
sufficient to enmsure permanency even where the form of the
magnet was, as in our meter magnets, quite favorable to reten-
tion of magnetism.

The effect of heating to 100° C. for several hours, caused a loss
or diminution of flux which varied with the compogition and
prior treatment of the steel. Extending the time of the heating
to twenty-four hours or more, gave scarcely more effect than an
hour or two. The object was, of course, to reduce the flux to
that amount which the steel would retain permanently. In the
course of this work it was determined that repetitions of the
heating to 100° C. after cooling would cause a further loss of
magnetism, but at each repetition the percentage became less so
that there was at last no discoverable change. A magnet so
treated is practically permanent at ordinary temperatures.
Whether the effect obtuined is due to the removal of that portion
of the flax which may be considered as unstable or to a magnetic
hardening was unknown, but it would appear from Dr. Guthe’s
paper that both effects may have been produced, assuming that
tungeten steel bebaves in the same ways as that of the rings tested
by him.

yWe developed a process of seasoning magnets which consisted
in subjecting them after hardening and magnetizing to successive
immersions in boiling water and in cold water at intervals of a
few minutes; a treatment carried on for a suflicient length of -
tilme t<; ensure stability of the flux density in the air-gap between
the poles.

Cg:tain facts alluded to in Dr. Guthe’s paper have been known
to us for a long time, and were developed in our practice. - At
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one time we arranged to temper our magnets after hardening, by
heating them to temperatures just short of those giving the blue
oxide coat. This was found to be & matter of difficulty in prac-
tice on the large scale, though it undoubtedly increased the
induction. It was preferred to obtain a similar result by care-
fully excluding steef; with too high a ercenf:ge of carbon, and
by hardening the magnets by care in selecting the proper harden-
ing temperature. Thus in fact the same principle was developed
in our work as is alluded to by Dr. Guthe, namely, that too high
temperatures of hardening give weaker magnets or those In
which the steel is magnetically as well as mechanically harder
and of too low magnetic susceptibility. It was in fact found
that the desired flux could not be retained by such overheated
steel when magnetized.

I think that the fact that with ordinary steels the strongest
magnets are produced when the hardened steel has been heated
to a blue, is well known, and has been practiced for a very long
time by magnet makers. The maﬁnets of the old magneto ma-
chines were nearly always blued. It has been my practice also
for fifteen to twenty years to adopt a similar process in dealimg
with ordinary steel. After hardening, the brightened steel was
carefully heated by a blow-pipe until the middle or neutral region
of the magnet (bar or horseegce)e) was blued, while the poles were
kept of straw color, the one color fading into the other along the
bar. A strong magnet is thus made and one which is relatively
permanent.

The point made by Dr. Guthe that there is a proper tempera-
ture for annealing iron or mild steel in order to secure the great-
est freedom from hysteretic loss has also been found to be the
case in our practice with iron and steel. The range of tempera-
ture for the best effect is found not to be a wide one. Here
aﬁa.in there is a widely known mechanical fact which bears upon
the point under consideration. It is this, that some steels heated
to that temperature which j}:lst fails to harden them, are on
quenching made very soft. 1he range of temperature is narrow,
but evidently has the bearing npon the recalescence temperature
pointed out iy Dr. Guthe. This may be observed by heating to
redness one end of a bar and quenching it, when it will be found
that just back of the hardened end is a very soft portion; notice-
ably so. It would appear probable that whatever softens the
metal mechanically may have a similar effect magnetically.

it would take more time than is at my disposal to touch upon
the many other interesting points brought out by Dr. Guthe’s
paper. I have alluded above to some of the more practical points
useful to the constructor.
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[OOKHUNIOATBD AFTER ADJOURNMENT, BY J. STANFORD BROWN.]

This paper is very interesting. The chemical composition of
steel for magnets, however, is perhaps of more practical import-
ance than might be inferred from the paper, or even from the
remarks added by Prof. Thomson.

The use to which magnets are put largely, or you may say
entirely, determines the required chemical composition. Steel
for permanent magnets wil(I1 be entirely different from that for
electro-magnets. Magnets made to sustain a load are satisfac-
torily made from a steel which would fail utterly for the con-
trolling magnets of our beautiful Thomson wattmeters, and
80 on.

. The following specification for magnet steel was a few days
since submitted to the writer :—

C.15; W45 to 5.5; P.03; §.02; 8 .10 or less; Mn .12
or less.

Such steel is somewhat difticult to make and is consequently
expensive, retailing at 40 cents or more per pound, according to
quantity. The specification is peculiarly low in C for the amount
of W. With so high W the carbon could more usually run from
.95 to 1.05.

A h'?hly satisfactory magnet steel for certain uses runs: (.65 ;
Mn 35; W 2.95. On the other hand, for another kind of mag-
nets, C.65; Mn .60; Wnil; & .25,and P .065 is supplied.
Here the high 8¢ is noticeable. Sometimes crucible steel is
used, and other times a cheap open hearth steel seems to answer.
The electrical companies have an enormous amount of data and
know thoroughly what they want, but unfortunately they still
seem to regar% it of too high commercial value to be contributed
to the advancement of science and their competitors.
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REPORT OF COMMITTEE ON UNITS'AND STANDARDS.

To the President and Council of the American Institute of Electrical Engineers.

Gentlemen :— :

Your Committee on Units and Standards having carefully considered the
communications which you have referred to us, recommend :—

1st. That Hefner-Alteneck Amyl-Acetate Lamps furnished with test certi-
flcates from the Physikalisch-Technische Reichsanstalt at Charlottenburg,
Berlin, should be temporarily adopted as concrete standards of luminous inten-
sity, or candle power.

d. That in measuring the mean horizontal luminous intensity or candle
power of an_ incandescent lamp, a Lummer-Brodhun photometer screen be
adopted, and that the incandescent lamp be steadily rotated about a vertical
axis through its axis of figure at a uniform speed of approximately two
revolutions per second.

Your Committee believe that the adoption of these recommendations would
lead in practice to & much greater degree of uniformity in results of measure-
ments of the candle power of incandescent lamps, by different and remote
observers than is now usually attainable.

Although incandescent lamps are at present rated by their horizontal candle

wer, yet, since the only true criterion of the total quantity of light emitted

y a lamp is its mean spherical candle-power, we recommend that the rating of
lamps should be based upon their mean spherical candle-power so far as is com-
mercially practicable. :
Yours respectfully,

A. E. Kennzrry, Chairman.

F. B. Crockze,

W. E. GeyER,

G. A. HauiLTON,
January 19th, 1897. W. D. WEavER
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The following paper on “The Synchronograph” was then read
by Dr. Alberté Crehore and Lieut. George O. Squier, the dis-
cussion of which was deferred to May 18th. The paper was
illustrated with lantern slides. The paper was also read at
Chicago by Dr. Frederick Bedell.




A Paper presented at the 115th Meeting of the
American Institute of Electrical Engineers,
New York and Chicago, April 21, 18y).

THE SYNCHRONOGRAPH.

A New Mzreop oF RaripLy TRANSMITTING INTELLIGENOE BY
THE ALTERNATING CURRENT.

BY ALBERT CUSHING OREHORE AND GEORGE OWEN BQUIER.

In a general view of the technical history of the art of
telegraphy, statistics show that at the preeent time, more than fifty
" years since the introduction of the telegraph, nine-tenths of the
telegraph business of the world is tranemitted by hand, in sub-
stantially the same manner as then. From an electrical point of
view one naturally asks why it is, that during - this period
+ which represents more electrical progress than all time previous,
the rapid transmission of intelligence has not made more advance..

It is to experiments upon a new electrical system of rapid in--
telligence transmission and its possibilities, that your attention and
consideration are invited. It is not intended to enter into a dis-
cussion here of the physical causes which have limited the speed
and efficiency of the telegraph, but to acknowledge the great
work of Wheatstone, Hughes, Edison, Delany and others, who-
have brought rapid telegraphy to its present state of efficiency,
and proceed to an explanation of the principles involved in the
new system, and an account of the experiments already carried
out in developing it. These experiments were conducted at the
Electrical Laboratory of the United States Artillery School, Fort
Monroe, Va., where the land telegraph and telephone lines were-
available for the actnal trials described.

PrinoirLes oF THE TRANSMITTER.

It is difficult to treat the subject of transmitters apart from.
their receivers, as any particular transmitter should be considered.
98
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in connection with the limitations of its receiving instrument. If -
we could have a receiver sensitive enough to make a distinct and
permanent record of every change in current transmitted over
the line, provided the line were so situated as to be free from the
disturbing influences induced by external causes, it would be
ideal ; and the discussion of transmitters would be simplified by
reducmg the elements to the line and transmitting instrument
alone. The qualities of receiving instrnments include two princi-
pal elements. They all require a certain amount of energy to
operate them, and in addition, most of them have inertia in the
moving parts. A distinet advance is made, other things being
equal, in the receiver which dispenses entirely with the inertia of
moving parts. This is accomplished by electrolysis in the chemi-
cal receiver of Bain, which has recently reached great perfection
in the hands of Mr. Delany. It is also accomplished in the
polarizing receiver which was used in experiments described
later.

Transmitters forsending intelligence over electrical circuits are,
in every case, instruments which operate to change the strength
of the current employed in the line. This includes the tele-
phone, in which the current is a succession of waves differing
not only in the frequency with which they occar, corresponding
to the-pitch of the tone, and in the amplitude corresponding to .
the loudness, but also as to the shape of the waves corresponding
to the timbre or quality. The human ear is such a delicate and
wonderfully constructed receiver, that it readily translates this
complex wave into intelligence. If a physical instrument could
be found which would write out in visible form the exact shape
of these telephone waves received, the eye might also be educated |
to translate them. A perfectly trained eye could detect the dif-
ference between the same words spoken by different individuals
as the ear now does. Even though the waves might be accurately
reproduced, the simpler the waves the less the difficulty of trans-
lating them.

The inherent distinetion between telephony and telegraphy is
mainly that, whereas the telephone utilizes both the frequency of
the waves and their form, telegraphy relies entirely upon the
duration, number, and order of arrangement of these waves, and
not their form. The art of telegraphy is practically limited in
this respect to three elements, or their combinations, namely,
varying the duration of the waves or pulses, the direction of them,
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their order of arrangement, or the different combinations of these.
Considering these elements separately, the first one, using waves
of different duration alone for each character upon the line is
not at present used. The last method, a combination of variable
duration and order of arrangement of waves, comprises the system
of Morse and others so universally used, and includes the more
rapid system of machine telegraphy due to Wheatstone.

There are reasons why any system using waves of different
duration is not as simple as one which uses waves of equal dura-
tion, when any arrangement of make-and-break transmitter, using
a constant source of electromotive force is employed. Some of the |

- chief of these are found in the electrical properties of the line carry-
ing the currents. The difficulties become apparent only when it
is attempted to send these waves at a very rapid rate, which is -
desirable in machine telegraphy. The current requires time to
become established at the receiving end of the line after the
electromotive force isintroduced at the sending end. The current
wave which is sent over the line is a function of the time during
which the electromotive force remains applied at the transmitter.
There is evidently a practical limit to the shortness of the time
which the electromotive force must remain applied, determined
by the smallest wave which the receiver is capable of recording.

SBuppose on the other hand that the electromotive force has acted
long enough for the current at the receiver to reach its steady value,
and then the circuit is suddenly broken at the transmitter. A
time will elapse before the current in the receiver is reduced to
zero. This case is not as simple as the former, because the man-
ner in which the break is made must be considered. A slow
break is different from a rapid one, when there is any are, that is,
a spark formed. The whole line has been charged to the limit
of the electromotive force used, and must become sufficiently dis-
charged before the next wave can bereceived. This produces the
effect commonly known as “tailing” which means that a signal
becomes so drawn out at the receiver that it interferes with the
following signal.

If waves of equal duration are used, evidently more of them
may bereceived in a given time, than of any other combination of
waves, for the shortest wave may be used which will operate the
receiver. With this plan, the effect of *tailing” is reduced.
The use of equal waves is adopted by Mr. Delany, who also indi-
cates by the chemical receiver the directions, whether positive or
negative, of these equal waves.
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The alternating current is at present succeesfully employed for
transmitting considerable amounts of power over long distances,
and the whole system is periodically subjected to a regular and
uniform succession of waves rising gradually from zero to a maxi-

Fia. 1.

CURRENT

mum, and then gradually decreasing, reversing, and increasing to
a negative maximum. Recognizing these facts, it seemed prob-
able that it would constitute a good means for the rapid trans-
mission of intelligence, if the characters of a telegraphic code
could be impressed upon such a current without seriously affecting
its regular operation. It is to the consideration of a system of
rapid transmission of intelligence by the use of the alternating
carrent that we invite your attention.

Let the sine curve, Fig. 1, represent a regular succession of
simple harmonic current waves given to the line by an alternating
current generator. If the current passes through a key which
may be opened or closed at pleasure, then, provided the key
previously closed is opened at a time corresponding to the point
p of the wave upon the horizontal axis, it is known that the cur-
rent which was zero at the instant the key was opened, will remain
zero thereafter, in circuits which have resistance and inductance
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alone. Again, if the key could be closed exactly at a time corree-
ponding to the point q on the curve also npon the axis, the current
will resume its flow undisturbed according to the sine curve. The
true current obtained by opening the key at p and closing it at ¢
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is shown in Fig. 2, where the current remains zero between these
two points. If the key had been closed at any other point than g,
a8 at B, the current would not have resumed its flow according to
the simple sine wave; but, it can be shown, would follow the

'

CURRENT

Fie. 8.

heavy curve of Fig. 3, and give a succession of waves alternately
smaller and larger than the normal sine wave until after a very few
alternations, when it practically coincides with the sine wave. In
like manner if the key is opened at some other point than p, when
therefore the current is not zero, a spark may be observed at the
break, and it requires time for the current to fall to zero.

Let us consider the advantages of thus operating upon an alter-
nating current. It is evident that the advantages above men-
tioned of using a system subjected to a perfectly regular alterna-

ting electromotive force, and capable if necessary of transmitting

considerable amounts of power, is by this method made available.
In addition, no spark is made in a transmitter adjusted to break
the circuit at the exact times indicated by the curve above, when
the current is naturally zero. This makes it possible, if it is found
desirable, to use comparatively large electromotive forces and
currents on the line, for no matter what the maximum value of

: .
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the current, it is made and broken by this plan with no sparking.
It is also possible to employ waves of high frequency upon the
line, the upper limit obtainable from an alternator being probably
much higher than can be transmitted over the line.
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'If a receiver were used which could reproduce an exact trace
of the actnal waves sent over the line, it might resemble such a
combination as that represented by the heavy curve in Fig. 4.
The sine wave continues uninterrupted to the point ¢ when the
key is opened, and it is held open for one complete wave-length
P Q, when it is again closed for a wave-length Qr; then opened
for one-half a wavelength rs; closed for a wave-length st;
opened for a wave-length Tu; closed for half a wave-length v v;
opened for half a wave-length v w and finally closed. By this plan
it is possible to use the ordinary Continental code in telegraphy,
a dash being indicated when two successive waves, a positive and
a negative one, are omitted by keeping the key open, and a dot
meaning where a single half-wave is omitted. The space between
parts of a letter, as between the dash and dot of the letter “n”
is indicated by the presence of one-half a wave-length, and the
space between letters, as between “t” and “e” in the word “ ten,”
by the presence of two half-waves, while the space between
words may be represented by the presence of three half-waves,
and between sentences of four half-waves or more. The above
is a single example, of which there are many, of a method by
which the usefulness of so operating upon an alternating current
is made apparent, because it shows how these signals may be in-
terpreted by a fixed code. It need not be said that there are
other ways easily devised of interpreting the possible combina-
tions of waves which may be sent in accordance with any code,
and it is not our present object to present a method which is
deemed superior to others, but merely to show that the above
plan becomes operative.

A consideration of the timerequired to send the word “ten” by
the above plan shows that it corresponds to the time of eleven
half-waves of current. If we suppose that the frequency is an
ordinary one used in alternating current work, viz., 140 complete
waves per second, the time required tosend the word “ten” is .0394
of a second, or, by allowing three additional half-waves for the
space between the words, the word “ten” would be sent just 1200
times in one minute. There is no difliculty in using over some
lines, a frequency four times as great as that ordinarily used,
namely, as high as 560 or even 600 periods per second. This
would correspond to speeds of 4800 and 5143 times sending the
word “ ten” per minnte. The limit in each instance is only deter-
mined by the particular line used.

Lo
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Hitherto it has not been pointed out how it is possible to man-
ipulate a key at the high speed mentioned, so as to open and close
the circuit hundreds of times per second as desired at the exact
instants when the current is naturally zero. Evidently the proper
place to manipulate such a current controller where the circuit
munst be made and broken at distinet points of phase, is at the
generator itself, or in connection with any motor running syn-
chronously therewith.

It will be sufficient for purposes of illustration to show by a
special example how any single. half-wave may thus be controlled
at the generator; for obviously any word or sentence may be
formed by a repetition of this operation.

In Fig. 5, s represents the shaft of an ordinary 10-pole alterna-
ting current generator which drives through the gears M and n,
the wheel w. The circumference of this wheel is one continuous

Fie. &,

conductor presenting a smooth surface for brushes to bear upon.
If the periphery of the wheel is divided for example into 40
equal parts, and it is geared to run at one-fourth the speed of
the armature, each division thereof corresponds to one semicycle
of the electromotive force produced by the generator. Upon the
wheel w bear two brushes a and B carried by a brush-holder which
is capable of adjustment. These two brushes are connected in
series with the line, so that the current which passes in at one
brush, is conducted through the wheel to the other brush, and
thence to the line. The current used may be obtained from the
generator, the shaft of which is represented at s, either before or
after it has passed through any number of transformers, since it
is the frequency alone with which we are concerned.

The line current is brought to the wheel w to be synchronously
operated upon. If both brushes remain continually in contact
with the wheel, the current transmitted would have the regular
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sine form represented in Fig. 1, and for each revolution of the
wheel there would be 40 semi-waves or 20 complete waves trans-
mitted. If one-fortieth of the circumference of the wheel is
coveréd by paper or other insulating material as indicated at 1
Fig. 5, and the brush A adjusted to ride on to and off from this
insulation just as the current is changing from one semicycle to
the next, that is, changing sign, while the brush » is in continuous
engagement with the wheel, the semicycle represented by the
section covered will be suppressed, and without any sparking,
even if the potential used is high. In practice, the brush a is
easily adjusted to this point by moving it slightly, backward or
forward around the circumference of the wheel until the sparking
ceases. This adjustment once made, the brush is fixed in position
and 80 remains. In each succeeding revolution of the wheel, this
cycle of operations is exactly repeated, and the current sent over
the line would resemble that shown in Fig. 2, having every for-
tieth semicycle omitted. It is only necessary to cover other
similar sections of the circumference of the wheel in a predeter-
mined order according to a code, to transmit intelligence over the
line. The above illustration of the operation of a transmitter on
this principle is given for simplicity only, and is evidently far
from a practical form of transmitter.

The wheel w in the above example, may have different speeds
with respect to the generator shaft, the essential condition being
that its circumference shall contain some integer number of a unit,
which is the arc npon the circumnference of the wheel if geared to
the armature, that a point fixed with respect to the field would
describe upon it during one semi-period of the current. This
wheel therefore might be connected to any shaft which runs in
synchronism with that of the generator, as for instance that of a
synchronous motor if the power were obtained from a distance.

Instead of using insulating papers situated upon a single cir-
cumference of the wheel, two or more similar lines may be used
either upon different circumferences of the same wheel or upon
different wheels, and separate brushes ride upon the different
circumferences. The same frequencies of current may be em-
ployed to operate all lines of brushes, or currents having different
frequencies may be employed upon the separate circuits, all of
which use the same line for transmission. These arrangewnents
make it possible either to send different messages simultaneously
over the same line employing a single cycle as the unit, or to send
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a message employing different frequencies to represent the dif-
ferent characters of a code, or many combinations of these.

The employment of alternating waves of different frequencies
upon the same line by the method shown, does not have the same
objections which exist when a constant electromotive force is used.
Since the circuit is by this system always interrupted when the
current is naturally zero, the frequency employed is within certain
limits a matter of indifference as the line is in the same condition
whether a long or a short wave is used.

It is seen that by this simple method of operating upon the
alternating current, according to the above principles, there is
complete control of the individual semi-waves of the current,
which may be changing direction thousands of timesin a second,
far beyond the range of possible manipulation by hand. In other
words it is easy to obtain a record of any pre-selected order or
succession of semi-waves desired. It is evident that it is as im-
portant to be able to control the seini-waves retained, asit is those
suppressed, since they are of equal value in interpretation.
Furthermore there is great utility in being able to control eack
single semi-wave of the current, for this permits the maximum
speed of transmission of signals with a given frequency.

A transmitter which operates upon the current at intervals
comparable with the duration of a semi-wave, but which does not
act in synchronism with the current, would necessarily make
and break the circuit at times when the current is not naturally
zero. If this were done there would not only be sparking, but
in addition, the current would be interfered with in such a
manner a8 to make it probable that the record received could
not be interpreted; for the current at each make would follow
euch a curve as that shown in Fig. 3.

PrincipLES oF RECEIVERS.

As used throughout this paper, the term ¢“receiver’ will be
understood to mean that mechanism which uses the energy trans-
mitted over an electric circuit, and transforms it so as to make a
permanent record which may be translated into intelligence.
The term receiver is here restricted to mean instruments which
make a permanent record, since this is a necessary.condition for
the rapid transmission of intelligence, with which we are at
present concerned. All receivers require a certain amount of
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power to operate them, and the power required affords one basis
for their classification.

Another method divides receivers into two classes, those which
have inertia in the moving parts and those which have none-
There is no fundamental reason why any one of these general
classes should contain all of the most rapid receivers. Any of the
above classes might include receivers which are very rapid. If,
for instance, a receiver has inertia in the moving parts, for rapidity
the amount of inertia should be small, and ite natural period high,
or a large amount of energy would be requnired to operate it. [f
a receiver has no inertia in the recording mechanism, then the
possible rapidity is limited by the power supplied.

In deciding upon the relative merits of receivers from the point
of view of rapidity, the cost of the power required offers no reason
why considerable amounts of power should not be transmitted
over certain land lines for purposes of telegraphy. Using &
receiver which possesses much inertia in its moving parts, it does
not follow that even though considerable energy reaches the recei-
ver over the line, that it will be rapid in its action.

The Wheatstone receiver may be taken as representative of a
type of receivers possessing inertia in the moving parts, which
has come into successful operation. The record is made in this
instrument by a small wheel which vibrates back and forth
between an ink surface and the recording tape. The energy which
is essential, is that required to move this little wheel and the parts
connected with it back and forth. Although considerable energy
may possibly be sent over the line and be expended in the instru-
ment, it seems impossible to concentrate more than a certain part
of it upon the moving mechanism. This suggests two methods of
improving the speed of the system ; either to increase the power
received by the moving parts, or diminish their moment of inertia.
One factor which limits the Wheatstone type of receiver is that
the moving parts are required to do the work of making the
record. This is not a necessity, since light may be employed as
the agent to make the record under the control of the moving
parts, a8 is evidently accomplished in a form of galvanometer
having a very minute needle with mirror attached, the slightest
motion of which is greatly magnified by the reflected beam of
light.

As a type of instrument having no inertia in the recording
mechanism, may be mentioned the various forms of chemical
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receivers acting by electrolysis.  This type of receivers possesses
many advantages, perhaps chief among which is the fact that a
large part of the energy received is brought directly to bear upon
making the record. Another feature is the simplicity of the
essential mechanism involved, as no intermediate steps are em-
ployed after the impulse is received from the line before the
record is made. These qualities alone imply rapidity, and this
receiver is one of the most rapid known. The limit of rapidity
with this receiver is the power received from the line. If the
potential between the terminals of the receiver is increased, the
time reghired to make a given record is correspondingly reduced.
The use of the alternating current permits of greater potentials
being realized in the receiver with less disturbing influence from
the line than would be the case if & constant direct electromotive
force was employed.

A new type of receiver having no inertia in the recording
mechanism was used in developing the transmitter described in
these experiments. This instrument has already proved of value
as a chronograph for the measurement of minute intervals of time,
and for the study .of any kind of variable electric currents.
Althongh its application as a practical telegraph receiver is not at
present advocated, yet the realization of a massless receiver upon
different lines merits description. ~This receiver is based upon
Faraday’s discovery of a direct relation between light and
electricity.

This discovery was, that if a beam of polarized light is passed
through some substance in the direction of the lines of magneti-
zation within that substance, there is a rotation of the plane of
polarization in a direction which is the same as the direction of
the current required to produce such a magnetic field. The
direction of rotation, is unaltered, therefore, whether the light
beam advances in the same or in the opposite direction to the
magnetization, so that a beam reflected back and forth through the
substance several times, has its rotation increased by equal amounts
each time. If the direction of the ray of light is at right angles
to the lines of magnetization, there is no rotation produced. The
amount of this rotation has been investigated by Verdet, who an-
nounced laws by which it may be expressed. They are summed
up in the following statement :

“The rotation of the plane of polarization for monochromatic -
“light is in any given substance proportional to the difference in
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“ magnetic potential between the points of entrance and emergence
“of the ray”; that is, it is equal to a constant times this differernce
of potential and is expressed by the formula

0= 7V,

where 6 = angle of rotation, ¥ = difference in magnetic poten-
tial, and » for a given wave-length is constant in any one sub-
stance and is known as Verdet’s constant.

The following example will make more evident the application
of Faraday’s discovery to this receiver. Admit a beam of ordi-
nary light through a small aperture into a dark room and let it
fall upon a white screen. Suppose that the aperture which admits
the beam is provided with a shutter which may be opened or closed
. at will. We have in this simple arrangement all the essentials of
a transmitter and receiver of intelligence. A person opening and
cloging the shutter might communicate with a second person ob-
serving the screen, which would become light and dark at inter-
vals in accordance with a pre-arranged code. Substitute for the
first person in direct control of the shutter an electromagnetic
device, operated from any desired distance through an electric
circuit, and the effect upon the screen is the same as before. For
rapid transmission it would be necessary to substitute a mechanical
transmitter which would operate faster than a person can send by
hand. There would be no particular difficulty in thus moving
the shutter more rapidly than any observer could read from the
screen. It then becomes necessary to make a permanent record,
which may be accomplished by substituting for the screen a self-
recording surface having a relative motion across the beam. This
is afforded by using any surface sufficiently sensitive to light,
many varieties of which are available. In fact a surface is avail:
able which is so sensitive that it will record much faster than the
material shutter can be moved back and forth so as to open and
close the aperture.

The next step in increasing the speed, provided the limits of
the transmitter have not already been reached, is to secure a more
rapid shutter. It was with this object in view, to obtain a mass-
less shutter that Faraday’s discovery is used. Instead of passing
the light directly through the aperture, it is first passed through
a Nicol prism in order to obtain a beam of plane polarized light,
or it may be polarized in any other suitable manner. Suppose
that a second Nicol prism like the first is placed in the path of




1897,] ON THE SYNCHRONOGRAPH. 106

the polarized beam. If the second prism known as the “analyzer”
is tarned so that its plane is perpendicular to that of the first prism
known as the “polarizer,” all the vibrations not sorted out by the
polarizer will be by the analyzer. In this position when the planes
are perpendicular to each other, the prisms aresaid to be “crossed.”
and an observer looking through the analyzer finds the light
totally extingunished as thongh a shutter interrupted the beam. By
turning the analyzer ever so little from the crossed position, light
passes through it, and its intensity increases until the planes of
the prisms are parallel, and if one of the prisms is rotated, there
will be darkness twice every revolution. In order to accomplish
the same end that is obtained by rotating the analyzer without
actually doing so, the following plan is adopted: Between the
polarizer and the analyzer is placed a transparent medium which
can rotate the plane of . polarization of the light, subject to the
control of an electric current, without moving any material thing.
The medium nsed in this receiver is liquid carbon bisnlphide con-
tained in & glass tunbe with plane glass ends. There are many
other substances which ‘will answer the purpose, some better than
others. This was selected becanse it is very clear and colorless,
and possesses the necessary rotatory property to a considerable ex-
tent. It only possesses this property, however, when situated in
a magnetic field of force, and the rotatory power is proportional
to the intensity of the magnetic field. To produce a magnetic
field in the carbon bisulphide, a coil of wire in series with the line
from the transmitter is wound around the glass tube. When the
current ceases, the carbon bisulphide instantly loees its rotatory
power. The operation is as follows: First the polarizer and
analyzer are permanently set in the crossed position, so that no
light emerges from the analyzer. A current is sent through the
coil around the tube. The plane of po]anzatxon is immediately
rotated. This is equivalent to rotating the polarizer through a
certain angle, and hence light now emerges from the analyzer.
Interrupt the current, the medium loses its rotatory power, and
there is again complete darkness. The arrangement makes an
effectual shutter for the beam without moving any mass of matter.

This illustrates how Faraday’s discovery may be utilized to re-
place the electromagnetic shutter in the above example by a
massless shutter, which enables the current waves sent over the
line to be recorded upon the sensitive surface without moving
any material thing. An advantage of this receiver is that the
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speed is not limited by the receiver but only by the natural
properties of the line or of the transmitter. Used in connection
with the transmitter already described, the real limit is found to
be in the line itself.

An analysis of this receiver shows that the energy received
over the line is not used directly in making the record, but the
agent which makes the record is the beam of light which derives
its energy from a local source. The energy received from the
line merely controls this local energy which may have considerable
power behind it. This controlling phenomenon is one of the few
known cases where electricity acts directly upon light. The
mechanism by which this action is effected is not at present known,
and any experimental evidence upon it wounld increase our know-
ledge of the cunnection between ether and ordinary matter, as
well as the constitution of matter itself. The use of this direct
influenee of electricity on light makes the speed of transmission
throngh the receiver comparable with the velocities of these

agents.

Drscrirmion oF THE TraNsurTTER UsED.

In these experiments, the operation upon the alternating cur-
rent according to the principles already stated, was accomplished
by means of a prepared perforated paper tape, which was caused
to move by the generator itself. A view of this tape, showing a
method of operating upon the current is given in Fig. 6.

The line current is brought through the wires ww to two
brushes BB’ not shown in the view, held by the adjustable sup-
port 8. The plan of the brushes is shown in Fig. 7. One brush
B bears upon the tape from above, and the other brush 8’ bears
from below immediately opposite the other brush so that they
will meet through the perforations in the transmitting tape .
When the brushes meet through the perforations in the tape, the
line circuit is closed, and when paper passes between them, separa-
ting the brushes, the line circuit is broken.

It is 8o arranged that the brushes pass off from, and on to the
paper, thus making and breaking the circuit, at the instant cor-
responding to the points in the current wave, Fig. 1, when the
alternating current is naturally zero. The tape T passes over a
wheel p geared to the generator shaft, so that for one revolution
of the armature, the tape advances a fixed distance. If the gen-
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erator has ten poles, this fixed distance on the tape corresponds
to five complete waves or ten alternations or semi-cycles of the
generator current. One-tenth of this fixed distance corresponds
to one alternation or semi-cycle of the current, and may be taken
as the unit of distance in perforating the tape. If therefore a
hole is made in the tape equal in length to this unit, and the
brushes B and B’ happen to pass off from the paper so as to meet
through the hole at the instant the current is naturally zero, then
they will pass on to the paper again, breaking the circuit at the
next following instant when the current is also naturally zero,
since the length of the hole corresponds to one semi-cycle of the
current.

Suppose that a succession of these unit holes is made, the tape
between the holes being also of unit length, then the circunit will
be made and broken as by the first hole at the points of zero cur-
rent. In practice it would probably not happen that the brushes
were at first so situated as to pass off from and on to the paper at

Fie. 7.

the instant the current is zero. In this case a snccession of sparks
appears, one each time the brushes pass on to the tape, and by
moving the brushes along the tape it will be observed that this
spark either increases or decreases in intensity, according to the
direction moved ; but at regular intervals, equal to the unit men-
tioned above, it disappears. This position of the brushes
for no sparking is easily found by trial, and once obtained remains
fixed. By this simple practical operation which experience shows
requires but a moment to accomplish, the essential condition of
synchronously operating upon the current in the manner described
is secured. -The brushes once adjusted always so remain, and
since there is no sparking, it is possible to use high electromotive
forces npon the line without injurious effect upon the brushes
and tape. It is also plain that this method of operating upon the
current is not affected by the speed of the generator, since the
transmitting device is always in synchronism with the generator,
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whatever the speed. The speed of the generator, and conse-
quently the rate of sending, as far as the transmitter is concerned,
can be varied at pleasure between wide limits, without any effect
upon the synchronous operation described.

An example, giving the data from an early experiment, will
illustrate how this is accomplished. The generator was a Fort
Wayne 10-pole alternator giving a potential at its terminals of
1,000 volts. This was transformed to about 300 volts, being con-
venient to handle, and sufficiently high for the purpose. The end
of the shaft &, Fig. 6, of the generator carries a small pinion,
which engages the gearing a, and revolves the wheel p once in
every 18.4 revolutions of the armature. This makes the }; part
of the circumference of the wheel » correspond to one semi-cy-
cle of the current. The circumference of the wheel was about
100 cms., and the length of a unit, therefore, {}; of this, or
.54 cms.

For convenience, a tape made of ordinary paper, had its two
ends joined so as to make a continuous belt, which made it pos-
sible to use it repeatedly. The tape passed from the large wheel
P to the loose pulley @ mounted upon a base-board a, and under
the guiding pulley attached to the support s which controlled the
tape, immediately before passing the brushes B B'.

In preparing the tape, the Continental code was employed as
described, the omission of two half-waves meaning a dash, and
one half-wave a dot. Having obtained the length of a unit on
the wheel, the tape is first divided into these equal units, and then
the proper units are cut out to form a message. The units which
are not cut out form the dots and dashes. To use a continuous
tape it is necessary for its length to be some exact multiple of the
unit, in order that it may start on the second revolution exactly
a8 it did the first.

The generator current of high potential passed directly through
the primary of a transformer, and the secondary was used as the
source of electromotive force for the line.” This secondary cir-
cuit which includes the line was brought to the transmitter to be
operated upon as described.

A diagram of the electric circnits as employed in this experi-
ment is shown in Fig. 8, where a represents the alternator, T the
transformer, B the brush bearing upon the transmitting wheel w,
and L the line. Another diagram illustrating how the method
may be used with currents of the same or different frequencies,




Fia. 6.

Fre. 10.






Fia. 11.

Fie. 12. Polarizing Receiver Record. Message sent at Fort Monroe,
Va., Aug. 10, 1896, at the rate of about 1,200 words per minute.
This particular message sent in one.half a second. The number
of **dots” per second is 887. Continental Code is used.
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is given in Fig. 9, where several generators A, A,, A,, etc., are re-
presented npon the same shaft, and each is connected to a separate
brush B, By, By, etc., bearing upon the wheels w,, wy w,, etec.,
upon a common shaft and connected to the line. By placing the
insulating papers in the proper positions upon the wheels, it
becomes possible to transmit in succession, first a current of one
frequency and then of another.

Fie. 8.

If any error is made in laying off the units upon the tape, or if
the length of the tape changes in any way after they are accurately
laid off, the effect of this error is cumulative from period to period,
and although at any particular time the tape might be in phase, -
sometime later it would not be so, and sparking would occur.
This would also be the case if there were any slipping of the tape

Fia. 9.

aronnd the wheel p. To overcome these difficulties it is only
necessary to have holes punched at regular intervals in the tape
which engage in pins at corresponding intervals on a wheel made
to receive it.

A simple experimental method which does away with the
necessity of making pins to feed the tape, is to glue strips of thin
paper, seen at o, Fig. 6, having lengths corresponding to the paper
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intervals of the tape, that is, one unit for a dot-and two units for
a dash, upon the circumference of the wheel », which has a smooth
polished metal surface. One brushis continually in contact with
the wheel, and the other rides on to and off from these paper
strips, making and breaking the circuit at the zero phase of the
current. The length of message permitted, is limited by the
number of units in the circumference of the wheel, which in the
example taken was 184.

Instead of using any gearing, as in the example given, to reduce
the speed of revolution of the wheel p, the tape might be run
directly from a small wheel upon the armature shaft. The unit
on this small wheel is one-tenth of its circumference, if there are
ten poles to the generator, so that any message sent by fastening
papers upon this wheel would be limited to ten semi-cycles. If
a single unit of this small wheel is covered by paper, and the
brush adjusted for no sparking, one semi-cycle in every ten will
be omitted. A record obtained in this case with the polarizing
receiver is shown in the circle at o, Fig. 10, in which each light
gpot corresponds to one semi-cycle of current, and it is seen that
one in every ten is omitted. The record in the circle B of the
same figure was obtained by using two units of paper on the same
wheel, having two units between them, and shows that two semi-
cycles are omitted in every ten. ’

Records obtained by the use of paper fastened upon the large
wheel », Fig. 6, are shown in Fig. 11, where it is seen that the
word “telegraph” was transmitted. A record obtained by the
use of tape is shown in Fig. 12, where the sentence “one wire
will do work of ten” was transmitted on August 10, 1896, This
message was sent at the rate of 337 semi-cycles of current per
second, thus requiring about half a second altogether.

Since the speed of transmission depends upon the frequency of
the alternating current, the limit of speed is determined by the
particular alternator used. In the above example the alternator
available was designed to run at a speed of about 1600 revolutions
of the armature per minute, corresponding to a frequency of 133,
or 266 alternations per second. To increase the speed of trans-
mission, this alternator was run as high as 2400 revolutions per
minute, beyond which it was thought dangerous to go. This
corresponds to & frequency of about 200 complete cycles or 400
alternations per second. Through the kindness of Dr. M. I.
Pupin of Columbia College, a special high-frequency alternator
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was loaned for the purpose of testing this system at higher speeds
of transmission. This alternator, shown in Fig. 13, is in fact four
alternators upon the same shaft, having 18, 22, 26, and 30 poles
respectively. To obtain the highest speed, the 30-pole machine
was used, and the transmitting wheel geared to the shaft as with
the ten pole alternator. The speed of armature nsed was 2180
revolutions per minute, corresponding to 1090 semi-cycles per
second, or 65,400 per minute, or a frequency of 545. No difficulty
was experienced in sending and recording messages at this rapid
rate which corresponds to between three and four thousand words
per minute.

Tre Porarizine Reckrver.

The statment of the general principles employed in this receiver
has previously been given, and it remains to describe the actual
form. This instrument was designed for a military chronograph
to measure the velocity of projectiles, and is known as the Polar-
izing Photo-Chronograph'. A view of this is shown in Fig. 14.

‘Without giving a complete description of the instrument, which
may be found in the reference cited, it will suffice to describe its
essential elements. A sensitive photographic plate 12 x12 inches
square is carried in a metal plate holder, which revolves in the
wheel w driven by the motor M. A powerful beam of light from
the arc lamp, 4, situated upon an inverted T-rail, o, serving as an
optical bench, is condeneed by the lens , and passes through the
polarizer p, a Nicol prism, thence through the glass tube T, con-
taining liquid carbon bisulphide, and surrounded by a coil of wire,
through the analyzer A, a second Nicol prism. The light received
through the analyzer is finally passed through a second lens L’ to
focus the beam npon the horizontal radial-slit in front of the mov-
ing sensitive plate. In its operation, the analyzer a is rotated
until the light is completely extinguished, when no current is pass-
ing around the tube T. The coil upon the tube is in circuit with
the line from the transmitter, and the closing of the circuit at the
transmitter thus sends a current around the tube, and light im-
mediately appears upon the camera slit. This is accomplished in-
stantly upon closing the circuit, without involving the motion of
any material thing. Upon breaking the circuit the light imme-

1. *“ The New Polarizing Photo-Chronograph,” Crehore and Squier. John
Wiley & Sons, New York, 1897. Chapman and Hall Ltd., London,
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diately disappears, and by observing the light come and go, it is
easy to read with the eye as rapidly as can be sent by hand. To
produce a permanent record it is only necessary to rotate the pho-
tographic plate in the wheel w. The time required by the pho-
tographic plate to make a clear record, depends largely upon the
intensity of the light; but the intensity of light which it is practic-
able to obtain allows the time of exposure to be much shorter
than is required for the purpose of a telegraph receiver. For in-
stance, suppose the width of slit is one millimetre at a distance
of 150 millimetres from the centre of revolution, and the plate
rotates 1000 times per minute, the velocity of a point on the plate
i8 1570.8 cms. per second, and the exposure is therefore about
.000063 second; for the point crosses the millimetre slit in this
time. The above figures are those actually used with the chrono-
graph in measuring the velocity of projectilesinside the bore of a
gun and the records obtained are perfectly clear. The rapidity of
this receiver is illustrated by stating that as many us seven ob-
servations upon a projectile inside the bore of a U. 8. 3.2-inch
breech-loading field rifle have been recorded in the first 57 cen.i-
metres (1 foot 104 inches) of its travel, and observations as near
together as 3.8 cms. (1§ inches) have been obtained. These cor-
respond in time to intervals less than a thousandth of a second,
or they bear about the same relation to a second, as a second
does to a third of an hour.

In chronography as applied to gunnery, since the agent which
operates upon the transmitter circuit is the projectile itself mak-
ing and breaking the circuit by passing through screens, evidently
if the screens are properly placed according to a code, & message
could be transmitted to the receiver by a projectile in its flight.

Tae CuemicAL RECEIVER.

In a practical form of receiver, it is an advantage to have the
messages received in such form that they are ready for immediate
use, and this is the case with the chemical receiver to which
reference has already been made.

Through the kindness of Mr. Delany, some of the sensitive
paper tape used in his system of machine telegraphy was ob-
tained for experiments with the synchronoue transmitter. A
simple method of obtaining records of currents with this tape,
which is certain in its action and does not involve any special
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apparatus, is to place the tape upon a smooth metal surface,
which serves as one electrode, and to draw a steel needle, serving
as the other electrode, along it guided by the straight edge of a
ruler. If a direct current is used, no record appears when the
current is in one direction, and it does appear when the current
is reversed. If a second needle is substituted for the plate elec-
trode, the record appears on one side of the tape for a direct
current and on the other side for the reversed current.

If the two needle electrodes are placed side by side upon the
tape, a record will appear at one needle for a direct current, and
at the other for the reversed current. Employing the alternating
current with the single needle and plate as electrodes, the record
shows a regular succession of distinct marks, separated from each
other by equal intervals. Each mark exhibits an intensity vary-
ing approximately according to the sine curve. Since by this
arrangement the current makes its record in one direction only,
the result is that alternate semi-cycles of the current are sup-
pressed, and alternate ones are recorded.

By receiving with two needles side by side, all the alternations
are recorded, those that were suppressed before now appearing at
the second needle. The record then appears as two parallel lines
of marks having the maximum intensities in one line opposite
the spaces in the other. Using the transmitter as already de-
scribed with a semi-cycle as a unit in preparing the tape, and
receiving in two lines, it is found that some of tlie marks are
omitted in one line and some in the other, and to facilitate trans-
lating it is simpler to bring the two lines into coincidence to
observe the dots and dashes of the message. A message was then
prepared upon the transmitter wheel, using a complete cycle as a
unit, instead of a semi-cycle. When received in a single line this
message is complete, no matter to which terminal of the circuit
the receiving needle is connected, because each unit now contains
both a direct and a reversed current, one of which will record.

The same message was then received in two lines, and one line-
gave the complete message as before, while in the other line there:
appeared a record for each complete unit in which the cyrrent was.
made. The papers of either the first or the second half of each
complete cycle composing the message upon the wheel were next:
removed, and the message received in two lines as-before. The
result showed the message complete in one line, while in the other
line appeared an uninterrupted succession of marks just as given
by the simple alternating current received in one line.
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If then an unjnterrupted line of marks can be received in one
line at the same time that a message is being received in the
other, this uninterrupted line can be used for a second message
entirely independent of the first. The next experiment accom-
plished this, and it is now possible to use the same line to send
two entirely independent messages in the same direction at the
same time at a high rate of speed. The preparation of the trans-
mitting tape to accomplieh this, simply requires that the two
messages, each prepared with a double unit, shall be displaced
a semi-cycle with respect to each other as they pass through the
transmitter.

The advantages of duplexing the line, that is, sending two
independent messages in opposite directions over one wire 'at
the same time seem more important than those of diplexing the
line. An arrangement of circuits which accomplishes this
proves to be very simple. Moreover it permits entirely different
frequencies to be employed by the transmitters at the two ends
of the line, and as before involves no synchronous receiver at
either end. By duplexing the line the speed of transmission
over a single wire is practically doubled ; for example a line that
carries 3000 words simplex can carry 6000 words per minute
duplex.

It is desirable in many cases to manifold the original copies of
the message received, and experiments were made to accomplish
this. All thdt is necessary is to attach to one terminal, instead
of a single needle, as many needles as the number of copies de-
sired, having each make its record upon a sensitive surface. The
manifolding process evidently applies to either simplex or duplex
receiving. Manifold copies of iessages may be received in
widely different localities at the same time from one and the
same transmitter, by connecting the receivers in series or in
parallel.

The alternating current is adapted to use with condensers in
series with the line where a direct current cannot ordinarily be
employed. An experiment was carried out to send a message
" through a condenser having a capacity of 9.57 microfarads in series
with the line, and it was found that the message was transmitted
correctly. One object of this experiment was to establish the pos-
gibility of using a set of Morse instruments upon the line at the
same time that the messages were being transmitted at a high
rate of speed by the alternating current. By shunting condensers
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around the set of Morse -instruments it was found that the opera-
tion of either system did not affect the working of the other, so
that it becomes possible to use the sam® high speed line for a
complete system of quadruplex telegraphy at the same time.
Indeed it seems possible that the present Wheatstone system
could be operated over the line in conjunction with the alternating
current messages. The experiments with the chemical tape
which have been outlined above, together with others not here
given, demonstrate the flexibility of a system of intelligence
transmission employing the alternating current.

The use of the aiternating current as a means of sending intel-
‘ligence in connection with the fact that a message can be sent
through condensers, suggests the possibility of using the prin-
ciples of electrical resonance employing circuits having natural
periods of their own which will pick out and respond to currents
from the line having their own frequency.

Although the above illustrations have employed for the most
part the Continental code representing a dot and a dash ina"
. particular manner by the omission of certain waves, and the
spaces between letters and words by the presence of waves, yet
it is evident that this is but one of many combinations which this
system permits, and that mentioned above is not to be understrod
a8 representing the most desirable one.

A characteristic of the records made by electrolysis is the
natural separation of the positive and negative waves of current,
which is an advantage in interpretation. This separation is also
accomplished in the polarizing receiver by employing two receiver
tubes. Instead of setting the polarizer and analyzer for extinc-
tion they are so placed that some light is normally transmitted
through each tube. The tube coils are so connected that a positive
current produces approximate extinction in one tube, and a
maximum transmission of light through the other. A negative
current tranemits 8 maximum of light through the first tube, and
produces approximate extinction in the second. An alternating
current therefore causes a record of the positive waves through
one tube, and the negative waves through the other, and thus
accomplishes all in this respect that the chemical receiver does.

Tre Live.

- It is genmerally understood that the line limits the speed of
telegraphy. The limit is usually reached becanse of the dis-
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tributed electrostatic capacity of the line rather than its resistance.
The influence of the dietributed capacity is to change the form
of the wave as well as reduce its amplitude. With a given length
of line having a certain static capacity, there exist limnits to the
speed obtainable with any given set of instruments which would
be a difficult mathematical problem to predetermine. The diffi-
culty in making this calculation is in the influence exerted by the
particular instruments used. With different instruments the
upper limit of speed is very different with the same line. It
therefore seems that the only way to determine this question is
by submitting the system to actual trial over a long line.

In order to test this system over as long a line as wae available,
the land telegraph and telephone lines upon the military reserva-
tion at Fort Monroe were joined in series, making about thirteen
miles of iron wire having a resistance of 820 ohms. Not only
was no difficulty experienced in transmitting and receiving mes-
sages over this line, but resistance was introduced making about
1,500 ohms total including the polarizing receiver coil of 390
ohme. This trial was at a frequency of about 200 complete
periods per ‘second. With the chemical receiver a coil of 10 ,900
ohms was used in the laboratory and the record was plamly
received at a frequency of about 545 complete periode per second.

Since the polarizing receiver gave indications showing the ap-
proximate strength of the varying currents by the intensity of
the light upon the plate, it was used to study the effects upon the
currents of arbitrarily introducing capacity and inductance in series
into the line, especially the effect upon the make of an alternating
current at different points of phase. Fig.15 shows the general
appearance of the simple alternating current with different expos-
ures, at different speeds of the plate and the same frequency of
alternation. In Fig. 10 the innerrecord c is that of a circuit having
390 ohms resistance, 1.03 henrys inductance, and 4.78 microfarads
capacity at a frequency of 137. At each make it is observed that
the first wave is small, followed by a large one. The record at
is for a similar circuit in all respects except that the capacity
is doubled, being 9.57 microfarads. Theoretical curves' have
been computed for these cases and they are in agreement with
the records shown.

The method of neutralizing the effects of the distributed

1. “ The New Polarizing Photo-Chronograph "—dJournal of the U, 8. Artsl-
lery, Fort Monroe, Va., Nov.-Dec., 1896.









F16. 13. The Pupin High-Frequency Alternator, attached to
Synchronous Transmitter.

F16.715. Chronograph Records of .the-Alternating Current, under
varying conditions of circuit and speed of plate.
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capacity of lines by introducing distributed inductance as is now

done in some telephone lines, would have an especially useful

application in a line employing the alternating current for tele-

graphy. , '
CoNcLUSION.

When the extent of the transmission of intelligence at the
present time is considered, and the direct influence which this
service has upon the development of the world’s progress, any
proposition which promises to increase its efficiency should be
received with consideration.

To better comprehend the volume of this service it is of inter-
est to observe the statistics on the subject. These have been
prepared for the United States mail service, the Western Union
Telegraph Company, and the American Bell Telephone Com-
pany of the United States, and are exhibited in graphical form

in Fig. 16. The statistics for the United States Mail service for,

the last few years were furnished through the courtesy of the
Postmaster-General.

It is noticed in general, that there is an increase in all depart-
ments of the intelligence transmission service from the earliest
dates. The number of pieces of mail sent during 1896 was
5,693,000,000 which is the greatest amount ever sent in a single
year. The greatest number of telephone messages on record for a
single year is 757,000,000 in 1895. The largest number of tele-
graph messages was sent in 1893 and amounted to 66,000,000.
Thus the greatest number of telegraph messages as compared with
telephone messages ie in the ratio of 1 to 11§. The greatest
number of pieces of mail is in the ratio of 86 to 1 as compared
with telegraph messages, or in the ratio of 74 to 1 as compared
with telephone messages. It is also seen that the cost of the

mail service of the United States in 1896 was $90,626,000, or °

about $1.25 per capita. The greatest receipts for any year of the
American Bell Telephone Company were in 1895 $16,400,000,
about 25 cents per capita, while the greatest receipts of the
Western Union Telegraph Company were in 1893 $24,978,000,
about 35 cents per capita.

It appears therefore that the people of the United States pay
for a telegraph service of about one-eighty-sixth the amount, about
one-fourth of that paid for the entire mail service of the United
States. It also costs one-and-a-half times as much for telegraph

PR
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service as for the telephone service, althongh the number of tele-
phone messages is about eleven-and-a-half times as great.

A conclusion to be drawn from the above general data seems
to be that the people are willing to pay more in proportion for a
kind of service like that of the telegraph than any other. From
the point of serving the people, as well as from a business stand-
point, it appears that improvement in this class of intelligence
transinission is ut present much to be desired. The present state
of the art of telegraphy points to improvements along the line of
automatic machine trunsmission.

It is of interest to inquire what effects a system of telegraphy
capable of sending continnously 3,000 words a minute would have
on the existing methods. To take a single example of the busi-
ness between New York and Chicago, where about 40,000 letters
are carried daily, it wounld require but two lines in continuous
operation to handle the entire business. At present it takes three
days to receive by mail a business reply between New York and
Chicago. This transmiesion by machine telegraphy could be ac-
complished easily the same day. It is thought that an effect of
this would be to increase business transactions té such an extent
that the total volume of intelligence transmitted would be augmen-
ted, rather than to diminish the business now done by existing
methods.

The class of business which such a system would probably at
first obtain would be the less urgent telegraph business of greater
volume, such as the Associated Press dispatches and newspaper
press reports. . Among the possibilities is the simultaneoue pub-
lication of the same newspaper in different parts of the country.
For example, in an edition of a daily paper having twelve pages
and eight columns per page, making ninety-six columns in all,
there are less than 185,000 worde. At the rate of 3,000 words
per minute it would only require about an hour to transmit the
entire contents of the paper. This calculation furthermore
assumes that the whole paper is uniformly printed in fine type.
It would require a single operator, working by hand and aver-
aging twenty words per minute, over six days of twenty-four
hours each to send this amount.

The system proposed is especially adapted to meet the de-
mands of this class of business; for the great flexibility of the
alternating current as employed, permits if necessary con-
siderable amounts of power to be transmitted over the line which
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may be used for making simultaneous manifold copies of the
same dispatches in each of widely separated cities. In this man-
ner eachr of the several newspaper company subscribers in each
city receives the identical service with the minimum delay, since
each copy received is an original. Each additional subscriber to this
service represents no appreciable expense to the company, since it
requires but another receiving needle. ~Furthermore, the use
of the alternating current permits the line to be used quadruplex
at very rapid speeds, that is, four entirely different dispatches
may be sent over one wire at the same time, two in each direc-
tion, and any number of copies of one qr all the dispatches may
be received independently at the same time.

In addition to the above it is practicable to employ the line for
a system of the ordinary quadruplex telegraphy at the same time.
In trial experiments in the laboratory, particular instructions were
given to the operator of the Morse instrument to observe if pos-
sible when messages were being sent by the alternating current
and absolutely no effect was detected.

The objection may be urged, that it is already difficult to handle
the business at the present rate of operation of the Wheatstone
system, and if the instruments worked faster it could not be
handled. This objection is undoubtedly a real one in some cases,
and it is partly this fact which indicates that it may be easier to
inaugurate new methods than to attempt to adapt the new rapid
transmitters to the present methods.

A telegraph office of the future will probably present a differ-
ent appearance from that which may now be seen in any of the
large cities. At present in operating the Wheatstone system in
this country, sending to long distances at the rate of 150 to 200
words per minute, both those who prepare the sending tape and
those who translate the receiving tape are employés of the tele-
graph company and are near the sending and receiving instru-
ments. If it requires about ten men to prepare tape, and as
many more to translate it for a single instrument operating at
150 words per minute, it will require twenty times this working
force for one of the rapid machine transmitters. KEvidently
changes would be required in the present methods to handle this
business.

It is thought that a telegraph company of the future will fulfil
a somewhat different function from the present ones. The com-
pany will own its wires and right<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>